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A B S T R A C T
Uranium has been known in th e  V ilcabam ba d is t r ic t  
o f  C u z co , ib ru  sin ce  1954. C op p er o r e s  o f  high s ilv e r  
co n te n t  w e re  w ork ed  by th e  Spaniards during th e  se v e n
te e n th  and th e  early  e igh teen th  c en tu r ie s , A t  th e  begin
ning o f  th e  tw e n t ie th  cen tu ry  th e s e  o re s  w e r e  w ork ed  
in te r m itte n t ly ;  during th e  la st  f i f t y  y ea rs  no mining o p e r
ation  has been going on ,
T h e  o ld e st  r o ck s  in th e  th e s is  a rea  co n s is t  o f  O r  - 
dovician ph y llites . T he p re se n ce  o f  D evonian in th e  a rea  
is qu estion ab le , b u t  has been recog n ized  5 km . aw ay fr o m  
th e  th e s is  a re a . A  con g lom erate  o f  lim ited la te ra l e x te n t  o f  
M ississippian age overlies  th e  D evonian ( ? )  o r  O rdovician  f o r
m ation . Middle ( ? )  and U pper Pennsylvanian and D o w e r  P e r
mian ro ck s  are  re p re se n te d  by about 2000 m, o f  T a rm a  and 
C opacabana lim eston e . Igneous ro ck s  o f  Middle ( ? )  Perm ian 
age appear t o  overlie  th e  lim eston e fo rm a tio n . This is called 
th e  M itu group and c o n s is t s , in addition t o  th e  igneous r o c k s , 
o f  c o a rse  red  cla s t ic s  overlying un con form ably  th e  C opacabana 
grou p . In  th e  lim estone a re a , tw o  main dikes o f  grachyan d e s ite  
com p osition  appear t o  in te r s e c t  th e  fo r m a tio n .
C op p er-n ick e l- uranium minerals o f  probable hydroth erm al and 
c o n ta c t  m esosom a tic  origin o c cu r  as len ses o r  f is s u r e  fi ll
ings in th e  P erm oca ra b on ife rou s  lim estone som e a sso c ia te d
w ith  sk a rn .
ix
T he o re  minerals are  te tr a h e d r ite , b orn ite , chal- 
co p y r ite , cove llite , n icco lite , pitchblende, m olybdenite and 
a variety  o f  su lforarsen ides o f  nickel and co b a lt . Gangue 
is predom inantly ca lc ite  and dolom ite, w ith qu artz in minor 
am ounts. Skarn minerals are garn et ep id ote , a p a tite , 
h em atite , and m agnetite .
The major amount o f  o re  minerals seem s t o  be 
stru ctu ra lly  con tro lled , but chem ical-physical conditions o f  
th e  h o s t  rock  may also play im portant r o le s .
An econom ic evaluation can n ot be made a t  th e  
p resen t sta ge  o f  exploration . M ore drilling and mapping is 
needed. O th er  fa c t o r s  which will a f f e c t  th is evaluation 
are th e  high c o s t  o f  tra n sp orta tion  and d ifficu lty  in 
evaluating tonnage due t o  th e  irregular distribution  o f  th e
ore  zon es.
1I ,  I N T R O D U C T I O N
A ,  L O C A T IO N  A N D  A C C E S S I B I L I T Y
T h e  th esis  a re a  is a p a r t  o f  so u th e rn  P e r u , lo ca te d  
a t  ab ou t 13 °06 ' so u th  la titu d e  and 7 3 o03' w e s t  lon g itu de. 
A cco rd in g  t o  R A IM O N D I (1902 ) i t  is  lo ca te d  in th e  cen tra l 
C ord illera , and BOW M AN  (1916 ) calls th is  a rea  C ord illera  
o f  V ilcapam pa (com p a re  F igu re  2 ) ,  A s  show n in various 
fig u re s  (2 , 3,  e t c , )  th e  a rea  has a rugged  r e l ie f .  I t  is 
lo ca te d  in th e  p rov in ce  o f  D aC on ven cion , d ep a rtm en t o f  
C u zco ,
T h e  n e a re s t  village is V ilcabam ba, I t  is lo c a te d  in 
an open valley en tire ly  surrounded  by h ills, rising like th e  
sides o f  an am ph ith eater t o  a ltitu d es o f  sev era l hundred 
m e te rs  above th is to w n , This cen tra l valley is about 1 ,5  
km , long fr o m  s o u th e a s t  t o  n o r th w e s t  and 1 km , w id e .
A s  V ilcabam ba is  lo ca te d  a t  an e levation  o f  3500 m , 
above s e a  leve l, th e  te m p e ra tu re  o f  th e  region  is r a th e r  
c o o l. T h e  e n tire  a s p e c t  o f  th e  region  abou t th e  Vilcabam ba 
mining d is t r ic t  is d e s o la te , s in ce  much o f  th e  tim e th e  sky 
is c o v e re d  w ith  heavy clouds f r o m  th e  tro p ica l A m azon  
basin . T h e  tra ils  a re  rou gh , and th e  hills s ta n d  ou t b a re  
and abru p t on all s id e s , T h e  tim berline is a t  abou t 2800 m. 
T he lo w e r  s lop es o f  th e  hills a re  co v e re d  w ith  s h o r t  g reen
50'70°
Figure 1 The Location of the Thesis Area 
in Regard to Peru and South America
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T M E S IS  AREA
C* AUSANGATE N. VILiCANOTA
I I
C* SALCANTAY |CUZCO i
\  R URUBAMBA I ! R. APURIMAC , C* CORAPUNA PACIFIC OCEAN
Figure 2 Oblique View of a Portion of the South Peruvian Andes
4g ra s s  and a  v a r ie ty  o f  s t a r - le a fe d  m o s s . N o t r e e s  o r  
p lants e x ce p t  ba rley  and p o ta to e s  can b e  g ro w n ; f o r  o th e r  
v eg e ta b les  and grain th e  clim ate is t o o  cold  o r  th e  a ltitu de 
t o o  g r e a t .
T h e  co u n try  is a lm ost uninhabited e x ce p t  f o r  villages 
along th e  V ilcabam ba R iv er  and a fe w  shepherd  h u ts  on th e  
m ountain s id e s . C u z c o , th e  c lo s e s t  c i t y ,  can b e  reach ed  
in t w o  w ays fr o m  L im a , th e  capita l o f  th e  c o u n tr y . F ir s t  
by travellin g  sou th  by airplane fr o m  L im a t o  C u z c o . T h is 
t r ip  o f  roughly 400 km , can be made in tw o  and a ha lf h ou rs . 
C u zco  can a lso  be reach ed  b y  road  o v e r  various p a s s e s .
T h e  t r ip  o f  1100 km . is made in approxim ately  30 h ou rs ov e r  
roa d s  m ost  o f  w hich  a re  in p o o r  con d ition . F ro m  C u zco  a 
n a rrow  gage ra ilroad  leads dow n th e  U rubam ba V alley  t o  
S a n ta  T e r e s a  in th r e e  h o u rs , cov erin g  a  to ta l  d is ta n ce  o f  
abou t 100 km . F ro m  h e r e , Chaullay is  reach ed  by  ca r  
travellin g  n orth w a rd  o v e r  a n a rrow  grave l roa d .
F ro m  Chaullay th e  tra il t o  V ilcabam ba village e n te r s  
th e  valley o f  V ilcabam ba, and fo llo w s  along it s  s tre a m  t o  
it s  s o u r c e  a rea  in th e  bogs o f  th e  u p per C rod illera  t o  
e leva tion s o f  abou t 4200 m .
F ro m  Chaullay and T arqu i (a b ou t 1000 m . and 2500 m, 
e levation  r e sp e c t iv e ly )  o v e r  a  d is ta n ce  o f  about 50 km . th e
5
tra il leads th rou gh  luxuriant tro p ica l g r o w th . F rom  2500 m. 
t o  3700 m. p o ta to e s  still can b e  g ro w n , as w ell as som e 
garden  p la n ts , and barley  and c o rn . A s  s ta te d  a b ov e , th e  
tim berline o c c u r s  a t  an elevation  o f  2800 m. A lthough 
g ra s s  g ro w s  up t o  1+500 m. , a g ricu ltu re  c e a s e s  a t  3800 m . 
F ro m  P u cy u ra  th e  a s c e n t  b ecom es  s t e e p e r ,  th e  air g e t s  
chilly, and high peaks becom e  v is ib le , s ome  o f  them  w ith  
perm anent snow  and i c e .
T h e  V ilcabam ba village can be v iew ed f r o m  th e  a ctu a l 
mineral a r e a . X t is  lo ca te d  a t  th e  end o f  a U -sh a p ed  canyon 
along w hich a s w i f t  s tre a m  w inds i t s  w ay th rou gh  a tan g le  o f  
sh ru b s . T h is village has about 30 th a tch e d  s to n e  and m ud- 
w alled hou ses and approxim ately  60 p eop le .
F o r  more  than eight cen tu ries  th is  w e ll-w o r n  tra il has 
been  th e  p a ssa ge  o f  " lla m a s* " . In  earlier  t im e s , and la te r  
a lso o f  h o r s e s  and mules and p a tien t Q uechua c a r r ie r s  taking 
m aterial o f  t r a d e  t o  and f r o m  C u z c o . A long th e  r o u te  a re  
som e small to w n s  such a s  L u cm a , P u cy u ra , H uancacally .
T h ey  a re  la rg e r  than V ilcabam ba and also built o f  th a tch e d  
adobe (unburned e a r th  b r ick } o r  s t o n e -h u ts ,  th e  hom es o f  
th e  A ndean sh ep h erd s .
* "A n y  o f  se v e ra l wild and d o m e stica te d  S ou th  A m erican  rum i- 
a n ts  allied t o  th e  carries, bu t sm aller and w ith o u t  a h u m p ; . . . .  
used  as a b e a s t  o f  burden in th e  A n d e s ."  (W E B S T E R 'S  
N ew  C olleg ia te  D ic t io n a ry )
6B e ca u s e  o f  th e  high a ltitu d e  o f  th e  A n d e s , excu rs ion s  
have t o  be planned w ith  due con s id era tion  as t o  th e  c o n s t i ­
tu t io n  and hea lth  o f  th e  individual. P e r f e c t  fr e e d o m  fr o m  
h e a r t ,  pulm onary, o r  c ir cu la to r y  w e a k n e sse s  is  e ssen tia l 
t o  a prolon ged  s ta y  in th e  ra r ifie d  a tm o sp h e re .
7Fig. 1. Cbersiehtskarte mit Gewassemetz und orographischer Gliederung dor Ostandon zwischon Siidpeni un(
liolivien . ( = -  =  =  I-andesgrenze).
Figure 3 . Location of the Cordillera at Vilcabamba, in 
Southern Peru (from KATZ, 1959}.
8B .  S H A P E  AJSD S I Z E  O F  T H E  A R E A
T h e  shape o f  th e  a rea  stu d ied  f o r  th is  th e s is  is nearly 
re cta n g u la r  as seen  in F igu re  10 and is 3 km . long and 1 km. 
w id e . T h e n o r th e rn m o s t  point is  th e  g o rg e  o f  C a lderon , 
w hich t re n d s  roughly E —W . T h e  n o r th e rn  p o r t io n  com prising 
th e  a re a s  co v e re d  m o stly  by  volcan is w e r e  n ot stu d ied  in 
as  much deta il as- th e  sou th ern  p o r t io n . T he a re a  is 
lim ited in th e  sou th  by a  line tren d in g  E -W , w hich  p a sse s  
nearly  th rou gh  th e  nP a c o p a ta u cam p, th e  base  cam p o f  th e  
exp lora tion  p r o je c t  la te r  d e scr ib e d . T h e  m ost  w e s te r ly  
boundary is  th e  C e r r o  Y u n gu iyoc, w hich  is  a w ell d e fin ed  
c r e s t  line tren d in g  roughly N - S .  I t s  w e s te r n  flank  abru ptly  
d escen d s  t o  g r e a t  d ep th  while th e  e a s te rn  flank  c o n s is ts  o f  
a dip s lo p e . T h e  e a s te rn  side is  bounded by th e  Huamanapi 
glacial valley w hich t re n d s  n o r th .
T h e  a re a ..re p o r te d  h ere  is 3 km . long and 1 km. w id e . 
B o th  geolog ica l and ra d iom etric  maps w e r e  p rep a red  on a 
1 :2 0 0  s ca le . T h ey  a re  included as an A ppendix , red u ced  t o  
1 : 2 0 ,0 0 0 .
I t  may be n o te d  h ere  in passing th a t  a t  F u n ta ra y o c  
6 km . E  o f  th e  th e s is  a rea  sim ilar geo log ic  and ra d io m e tr ic  
maps w e r e  m ade. B o th  show  th e  sam e p a tte r n  o f  m ineral­
ization  as  h e re  r e p o r te d .
9C . C U L T U R E
T h e approxim ately  60 inhabitants o f  V ilcabam ba un d er­
stan d  v e ry  lit t le  Spanish and a bilingual guide is  o f  g re a t  
help. T h ey  live in s to n e  and adobe h u ts , but m ost  o f  th e  
buildings a re  e ith e r  abandoned o r  only tem p ora rily  u sed .
T he population is  largely  con fined  t o  grazin g  small h erd s o f  
sheep o r  h o rs e s  and on a small sca le  t o  a g ricu ltu re  p u rp o se s . 
T he land is  p ra ctica lly  valueless s in ce  i t  is t o o  s te e p  and 
rock y  f o r  fa rm in g .
F o o d  is s c a r c e  and a lm ost -unobtainable, and it  is 
advisable t o  tak e  a p lentifu l supply o f  p rov is ion s on any 
journ ey  t o  th is  a re a . W ater supply is also s c a r c e ;  h o w e v e r , 
1 km . aw ay w a te r  is s u f f ic ie n t  far* d om estic  u s e , and 1+ km . 
beyond th is  near H uancacalle , th e r e  is enough w a t e r  t o  
develop e le c t r ic  p ow er  and f o r  co n ce n tra tio n  p la n ts .
T h e  c lo s e s t  road  a c c e s s  t o  th e  a rea  is a t  Chaullay 
which lies 80 km . t o  th e  e a s t . T ra n s p o r ta t io n  and tra v e l 
t o  th e  a rea  is  made in 3 days on h orseb a ck  o v e r  a fa ir  
t ra il, w hich fo llo w s  th e  V ilcabam ba s tr e a m , as m entioned 
above.
T h e  n e a re s t  police  s ta tio n  is a t  P u cyu ra  w hich is about 
7 km . fr o m  V ilcabam ba. M edical fa c i lit ie s  can b e  fou n d  a t 
Quillabamba, about 100 km . d ista n ce  f r o m  V ilcabam ba.
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D.. P U R P O S E  O F  I N V E S T I G A T I O N
T h e  p u rp ose  o f  th e  original w o rk  w a s  t o  supply ba sic  
geo log ica l d a ta  t o  th e  J u n ta  de C o n tr o l E n erg ia  A tom ica  o f  
P e r u , engaged in a uranium  p ro s p e c t in g  p ro g ra m , and t o  add 
t o  th e  geo log ic  know ledge o f  an a rea  w h e re  only s ca n ty  
geo log ic  w o rk  had been  done p rev iou sly . P a r t icu la r  a tte n t io n  
w a s  d e v o te d  t o  th e  econ om ic p oss ib ility , s ig n ifica n ce , d is t r i ­
bu tion  b o th  h orizon ta lly  and v e r t ica lly , and th e  n a tu ra l 
environm ent o f  th e  m ineral d e p o s its  o f  th e  a re a .
E m phasis w a s  p laced on th e  ro le  played by o r e  so lu tion s 
under yariou s te m p e r a tu r e s , p r e s s u r e s , in flu en ces  o f  th e  
h o s t  r o c k s ,  and th e ir  re la tion  t o  s t r u c t u r e s  in con tro llin g  
th e  fo r m s  o f  th e  d e p o s it s .  G eolog ica l princip les w e r e  applied 
in o r d e r  t o  recom m en d  th e  exp lora tion  o f  new a r e a s .
N o a t te m p t  has been  made t o  d e s c r ib e  each individual 
p r o s p e c t  p it e x c e p t  as  it  il lu s tra te s  s p e c i f ic  c h a r a c te r is t ic s  
o f  th e  d e p o s it s .  E x p lora tion  has n o t  been  s u f f ic ie n t  o r  
ad equ ate  in all ca s e s  t o  p rov id e  d a ta  f o r  th e  fo rm u la tion  o f  
m ore  a c c u r a te  id eas on th e  m ineralization  and c h a r a c t e r is t ic s  
in d e p th . M ore  tim e f o r  g r e a t e r  d eta iled  geo log ic  exp lora tion  
is  n eed ed . N e v e r th e le s s , th e  w ork  is a co n tr ib u tio n  t o  th e  
geolog ica l kn ow ledge o f  th e  V ilcabam ba uranium p r o s p e c t  in 
P e r u . While th e  overa ll w o rk  is  th e  r e s u lt  o f  a g rou p  o f
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g e o lo g is ts  o f  th e  J u n ta  de C o n tro l de E n erg ia  A to m ic a , th e  
au th or d ir e c te d  th e  planning and th e  f i r s t  ph ases o f  physical 
ex p lo ra tion . M a teria ls  f o r  th e  th e s is  w a s  g a th e re d  a t  th is  
tim e .
T h e  problem  co n s is ts  o f  th e  d e scr ip tio n  o f  th e  geo log ic  
s e t t in g  o f  th e  V ilcabam ba uranium p r o s p e c t s ,  a la b o ra to ry  
in vestiga tion  o f  th e  o r e s ,  in p a rticu la r  th e  s tu d y  o f  th e  
m ineralogic com p osition  and th e  m ineral a s s o c ia t io n s , a s  also 
o f  th e  chem ical and m ineralogic com p osition  o f  th e  igneous 
r o ck s  o f  th e  a r e a .
12
S-« A C K N O W L E D G M E N T S
T h e  au th or w ish es  t o  e x p re ss  his g r a te fu l a p p recia tion  
t o  th e  G en era l .J o rg e  S a rm ien to  C . , P re s id e n t  o f  th e  
" J u n ta  C o n tro l de E n erg ia  A to m ic a "  o f  P e r u , and all th e  
m em bers o f  th e  D ir e c t o r y  f o r  th e  econ om ic su p p o rt  during 
th e  p eriod  o f  his s tu d y  a t  th e  M issouri S ch o o l o f  M ines and 
M eta llu rgy .
T h e  au th or ta k e s  th is  op p ortu n ity  t o  e x p re ss  s in ce re  
a p p recia tion  t o  D r .  G . C . A m s tu tz ,  P r o f e s s o r  o f  G eolog y  
and a d v iso r  o f  th e  w r i t e r 's  g rad u ate  s tu d y ; his a id , guidance 
and su g g e st io n s  w e r e  o f  g r e a t  value in th e  accom p lish m en t o f  
th is  th e s is .
T han ks a re  given t o  D r .  Paul D ean  P r o c t o r ,  Chairm an 
o f  th e  G eo log y  D e p a rtm e n t  f o r  th e  r e s e a r c h -g r a n t - in -a id  
fr o m  th e  M cN u tt M em orial .F ou n dation , and also f o r  his 
perm anen t and fr ie n d ly  su g g estion s  in all a s p e c t s  during th e  
a u th o r 's  s ta y  a t  th e  S ch o o l o f  M ines and M eta llu rgy .
C ord ia l thanks a r e  also exten d ed  t o  all o th e r  s t a f f  
m em bers o f  th e  G eo log y  D e p a r tm e n t , f r o m  whom  th e  w r it e r  
has re ce iv e d  valuable in s tru c tio n  and gu idance.
T hanks a re  a lso  due t o  my fr ie n d s  E rw in  M antei and 
Mike G r e e ly , co lleagu es in th is  sch oo l f o r  th e ir  u n se lfish  and 
fr e q u e n t  a s s is ta n ce  in many r e s p e c t s .  T hanks a re  also e x -
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tended  t o  may fr ie n d  Eng. <Juan S o s a  f r o m  P e r u  f o r  his 
in te r e s t  in co lle ctin g  a p a rt  o f  th e  a u th o r 's  r o ck  sam ples.
F inally , thanks a re  given t o  all p erson s  and fr ie n d s  
w ho have in any w ay con trib u ted  t o  th e  com pletion  o f  th is  
th e s is .
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F .  M E T H O D  O F  I N V E S T I G A T I O N
G eolog ica l in v e stig a tio n s  in P e ru  w ith  r e s p e c t  t o  
ra d io a ctiv ity  m inerals is r e c e n t .  On th e  basis  o f  earlier  
re con n a issa n ce  ex p lo ra tio n , th e  « J . C . E . A .  o f  P e r u  in itia ted  
in 1958 a s e a rch  f o r  uranium m inerals in th e  V ilcabam ba 
a r e a .
T h e  w r it e r  began fie ld  w o rk  in A u g u s t -S e p t e m b e r ,
1957 . D e ta ile d  geo log ic  m aps and a ra d io m e tr ic  su rv e y  on 
th e  p a r t  o f  th e  Huamanapi and C a ld eron  a rea s  w e r e  p r e ­
pared  o v e r  a re a s  w hich seem ed  m ost  likely t o  con ta in  uranium 
m inera lization . S y s te m a t ic  su rv e y s  o f  e v e ry  p a r t  o f  th e  
zone w h e re  th e  e x is te n ce  o f  uranium w a s  e x p e c te d  has been  
in p r o g r e s s  fr o m  1957 t o  I9 6 0 .
T h e  s u r fa c e  geology  o f  th e  V ilcabam ba a rea  w a s  mapped 
on a s ca le  o f  1 :2 0 0  m . during May t o  «July, 1958 . M ineral­
og ic  fe a t u r e s  (m in era liza tion , a lte r a t io n , and l ith o lo g y ), 
and s t r u c tu r a l  fe a t u r e s  ( f a u l t s ,  f r a c t u r e s ,  e t c . )  w e r e  
th e  b a s is  o f  th e  exp lora tion  p ro g ra m . A s  a r e s u lt  o f  th is  
w o r k ,  th r e e  diam ond drill h o les  w e r e  drilled  in 1959 t o  d e t e r ­
mine p ossib le  o r e  m ineralization  a t  d e p th . T o  d a te  ( i 960) 
f iv e  diamond drill h o les  have been  co m p le te d .
1. M ineralogic G uides
T h e  c o lo r  o f  th e  lim onite a s  an a lte ra t io n  p ro d u ct
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o f  th e  p y r ite  w a s  recog n ized  easily in th e  f ie ld ; b u t in a 
fe w  ca s e s  o th e r  yellow ish  o r  g reen  secon d a ry  s ta in s  w e r e  
also o b s e r v e d . A ll o c cu r r e n c e s  o f  m ineralization  w e r e  r e ­
c o rd e d , while old p r o s p e c ts  and abandoned m ines w e r e  
sea rch ed  and m apped. F e w ,  i f  any, o f  th e  a lte ra t io n  
c r ite r ia  a s s o c ia te d  w ith  uranium d e p o s its  d i f f e r  appreciably  
fr o m  th o s e  o f  cop p er  -  lead -  zinc and o th e r  m e ta ls .
T h e lith o log ic  guide w a s , all o v e r  th e  a r e a , th e  P e r m o -  
ca rb o n ife re o u s  C opacabana u n it . In s id e  th e  th e s is  a rea  
p ro p e r  n o t  a single t r a c e  o f  m ineralization  w a s  en cou n tered  
ou tsid e  th is  s tra t ig ra p h ic  u n it.
2 . S t r u c tu r a l  G uides
B r e c c ia s ,  fa u lt s ,  and f r a c t u r e s  w e r e  principle 
guides in p ro s p e c t in g . In  th e  Huamanapi zone (E sp e ra n za  
p r o s p e c t )  ca lca re o u s  b r e c c ia  contained  som e s p o t t y  ch a lco p y - 
r it e  m ineralization  w ith  minor uranium . In  b o th  th e  C alderon  
and Huamanapi zon es f r a c t u r e s  w e r e  u se fu l gu ides.
O th e r  possib le  c o n tro ls  w e r e  con s id ered  and th e  
view held th a t  o th e r  u n su sp ected  a re a s  and con d ition s could 
also con ta in  uranium . T h e  main guides soon  a p p ea red , h o w e v e r , 
t o  be s tr u c tu r a l  and m ineralogic f e a t u r e s .
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3 .  T h e T echnique o f  P ro s p e c t in g
P ro s p e c t in g  w as carried  ou t basica lly  in tw o  s ta g e s :
a . R econ n a issa n ce  su rv ey
b . D eta iled  su rv ey
a . R econ n a issa n ce  su rv ey s  w e r e  made by  one o r  
tw o  g e o lo g is ts  and tw o  w o r k e r s , usually on h orseb a ck  o r  on 
f o o t .  T h ese  d esig n ated  som e loca lities  w hich dem anded 
p r io r ity  in th e  fie ld  o p e ra t io n s . T h is  p r io r ity  w a s  based
on indications o f  ra d ioa ctiv e  anom alies com bined w ith  l ith o - 
lig ica l, m ineralogic and s tr u c tu r a l c r i t e r ia .
b .  D eta iled  su rvey  co n s is te d  o f  detailed  geolog ica l 
mappfrig ( 1 : 2 0 0 )  and ra d iom etr ic  readings m easured tw o  m e te rs  
a p a r t . M inor excava tion s  w e r e  made a t  th e  m ost r a d io -a c t iv e  
a r e a s , and uranium sam ples o f  th e  r ic h e s t  pod o r  len s-lik e  
o u tc ro p s  w e r e  c o lle c te d . T h e  purpose o f  detailed  geolog ic
and ra d iom etr ic  p ro sp e ctin g  w a s  t o  d e fin e  th e  g e o m e try  o f  
th e  m ineralization .
14-. P rin c ip les  A pplicable
T h e  ra d io a ctiv e  gama em ission o f  th e  uranium along 
w ith  T h , R b , H f ,  K , o f f e r s  a unique m eans o f  d ir e c t  
qualitative d e te c t io n  o f  th e ir  s ig n ifica n t c o n c e n tra t io n s . T h e 
radiation  d e t e c t o r  is  nearly  alw ays a G e ig e r  co u n te r  o r  a 
scin tilla tion  c o u n te r , each o f  w hich p ro d u ce s  e le c tr ica l im pulses
o f  a r a te  dependent upon th e  radiation  in te n s ity . B o th  o f  
th e se  in stru m en ts  m easure the ganma radiation  f r o m  n e a r -
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s u r fa c e ,  bu t in som ew h at d i f fe r e n t  w a y s . F .  W . S T E A D  
(1956 , p . 714} s t a t e s :
"U sin g  sen s itiv e  radiation  d e t e c t o r s ,  uranium p r o s p e c to r s  
need n o t  be able t o  id en tify  ra d ioa ctiv e  m inerals n o t  t o  
have m ore than a cu rso ry  know ledge o f  geo log y ; a marked 
in cre a se  in ra d ioa ctiv ity  in d ica tes  w h ere  fu r t h e r  w o r k  
should be d o n e . "
Xn an oth er paragraph  he s t a t e s ,
"U n fo r tu n a te ly , even th e  m ost  p en etra tin g  gamma 
radiation  f r o m  rad ioactive  m ateria ls  is e f f e c t iv e ly  
a b sorb ed  by a fe w  inches o f  in terven ing m a te r ia ls ."
5 • In s tru m e n ts
In  th e  p ro sp e ctin g  f o r  ra d ioa ctiv e  m inerals, G eiger 
co u n te rs  o r  s c in tillo m e te rs  are  virtually  indispensable. T h is  is 
mainly beca u se  th e  uranium minerals are  usually d isp ersed  
ra th e r  than m assive ; t h e r e fo r e  i t  is  o f t e n  d i f f ic u lt  t o  
recogn ize  them  by th e  naked eye only. S e co n d a ry  m inerals, 
which aid in visual d e te c t io n , a re  com m only w ashed  aw ay o r  
dissolved  f r o m  d ire c t ly  exposed  r o ck  s u r fa c e s .  In  th e  ca se  
o f  V ilcabam ba th ey  are  su b je ct  t o  s tr o n g  erosion  due t o  th e  
sharp  top ograp h y  and a g r e a t  am ount o f  p re c ip ita tio n .
D A V ID S O N  and B O W IE  (1956 , p . 659) d e scr ib e  a 
G eiger-M u ller C ou n ter  and th e  sc in tillom eter  as fo l lo w s .
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uXn th e  f o r m e r  (G e ig e r  C o u n te r }  th e  ionizing 
rad iation  p ro d u ce s  se con d a ry  e le c t r o n s  w hich a re  
am plified  by g a s  m ultip lication  w ithin  th e  envelope o f  
a G e ig er-M u lle r  tu b e , w h ere  as in th e  la t t e r  
(s c in t il lo m e te r s )  th e  ra d ia tion s  p rod u ce  scin tilla tion  
in a ph osphor and th e s e  a r e  am plified  w ith  th e  aid 
o f  a p h otom u ltip lier  ( o r  e le c t r o n  m ultip lier) tu b e .
L e s s  than one p e r c e n t , o f  th e  gamma ra y s  passing 
th rou g h  th e  G e ig er-M u ller  tu b e  p rod u ce  a se co n d a ry  
e le c t r o n  w hich  w ill be co u n te d , bu t n ea rly  all th e  
ra y s  en ter in g  a la rg e  thallium -  a c t iv a te d  sodium  
iodide c r y s ta l  will cau se  s c in tilla t ion s  capable t o  be 
r e c o r d e d . ”
In  a n oth er  paragraph  h e  con tin u es s
"A n  e f f i c i e n t  s c in t illo m e te r  is a b ou t 50 tim es  
m ore  se n s it iv e  t o  t e r r e s t r ia l  gamma ra y s  than a 
G e ig er-M u lle r  C o u n te r , and a s  th e  t w o  in stru m en ts  
re sp o n d  sim ilarly t o  cosm ic  ra y s  i t  m ay b e  e x p e c te d  
th a t  i t  is 50 t im e s  easier  t o  d e t e c t  an anom aly w ith  
a s c in t illo m e te r  than  w ith  a G e ig er  c o u n te r . T h is , 
u n fo r tu n a te ly , is n o t  s o ,  s in ce  th e  back grou n d  
gam m a cou n t is  a lso  in cre a se d  su b stan tia lly  w ith  a 
s c in t i l lo m e t e r ."
P E I R S O N  and F R A N K L IN  have in d ica ted  th a t  th e  
p e r fo r m a n c e  f a c t o r ,  o r  th e  ability  t o  d e t e c t  a ra d io a c t iv ity  
anomaly can  be as m uch as sev en  t im e s  h igher in a s c in t illo ­
m e te r  than  in a G e ig er-M u ller  c o u n te r  i f  th e  t w o  d e t e c t o r s  
a re  o f  th e  sam e vo lu m e. B u t s in ce  i t  is v e r y  much e a s ie r  
t o  make la rg e  G eiger_M u ller tu b e s  than it  is  t o  make la rg e  
e f f i c ie n t  volum es o f  scin tilla tion  m a teria l, th is  f a c t o r  is in 
th e  p r a c t ic e  red u ced  t o  about t h r e e .
W IL S O N  (1 9 5 4 ) and D A V I S  (1954 ) p o in t o u t ,
"T h e  p orta b le  scintillation  co u n te r  has se v e ra l ad van tages 
o v e r  th e  G eiger-M u ller  c o u n te r :
(1 ) h igher e f f ic ie n c y  f o r  gam m a-ray d e te c t io n ,
(2 ) ' lo w e r  re la tive  co sm ic -ra y  background becau se
o f  th e  higher gam m a-ray e f f ic ie n c y ;  and 
(3 } re la tiv e  s h o r t  resolv ing  t ime ,  allowing higher 
counting r a te s  w ith ou t seriou s  coincidence 
lo s s .
C om p arative  d isadvantages o f  th e  scin tilla tion  co u n te r  
a r e :
(1 )  p re s e n t  high c o s t  and s c a r c ity  o f  la rge  
th a lliu m -a ctiv a ted  sodium iodide c r y s t a ls .
(2 )  small pulse ou tp u t f r o m  th e  photom ultip lier 
requiring a b e t t e r  am plifier c ir cu it  than f o r  
th e  G eiger-M u ller  C ou n ter  tu b e ; and
(3 )  high v o lta g e  regu lation  f o r  th e  photom ultip lier 
is f a r  m ore cr it ica l than regu lation  f o r  G e ig e r -  
M uller cou n ter  t u b e ."
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F ig u re  4 . G e o lo g is ts  a t  w o rk  during th e  recon n a issa n ce  
su rv e y  in N egrillas a re a . T h e s c in t illo m e te r  is th e  m ore 
e f f i c i e n t  t o o l  f o r  ra d ioa ctiv e  d e te c t io n .
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Q . P R E V I O U S  R E G IO N A L  W O R K  A N D  H I S T O R Y  O F
L O C A L  I N V E S T I G A T I O N
1 . P re v io u s  R egional W ork
D 'O R B IG N Y  (182+2) w a s  th e  f i r s t  t o  a t te m p t  a 
s y s te m a t ic  in v estig a tion  in th e  a rea  o f  C u zco  a d ja cen t t o  
th e  a re a  w hich is  th e  o b je c t  o f  th is  s tu d y . I t  is  n o t  th e  
w r i t e r ’ s in ten tion  t o  rev iew  all th e  h is to r y  c o n n e c te d  w ith  
th is  m a t t e r ,  b u t th e  m ore  ou tstan d in g  p a p ers  dealing w ith  
th e  s tu d y  o f  th e  th e s is  a rea  will be b r ie f ly  d is c u s s e d . T h e  
n ex t im p orta n t s t e p  in th e  s tu d y  o f  th e  genera l geo logy  w as 
accom plished  by F O R B E S  (1 8 6 1 ) . R A IM O N D I (1 8 6 2 ) w ho 
co n tr ib u te d  va riou s o b se rv a tio n s  p a rtly  o f  a p a leon to log ic  
c h a r a c te r , show ing C a rb o n ife ro u s  o u td ro p s  a t  an e leva tion  
o f  2+00 m . above  th e  A purim ac C anyon , a t  a lo ca lity  in te r ­
m ediate b e tw e e n  th e  P ich is  R iv e r  and C u z c o . A c co r d in g  t o  
N E W E L L  ( 1 9 5 3 ) ,  T O U L A  in 1869, and G A B B  in 1877, 
id en tified  a single s p e c ie s  f r o m  T it ic a c a  as Fusuline 
C ylindrica  F is h e r , th a t  is a guide fo s s i l s  t o  th e  M uscovian 
(M iddle P ennsylvan ian ) o f  E u r o p e , w h e re a s  N E W E L L  dem on­
s t r a t e d  la te r  an early  P erm ian  a g e .
A  s k e tc h  o f  th e  geo log y  o f  S ou th  A m e rica  w as read  
by S T E IN M A N N  b e f o r e  th e  G eolog ica l S o c ie t y  o f  A m e r ica  
in 1891. T h e  fo llow in g  in fo rm a tion  f r o m  S T E IN M A N N  may
be m entioned
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In  D evonian t im e s , as is in d ica ted  by th e  sed im en ts , 
th e r e  w as an e x te n s iv e  se a  em bracing th e  la rg er  p a r t  o f  
S ou th  A m e r ica , mainly B ra z il and B oliv ia  (and extending 
also t o  P e r u } .  C a rb o n ife ro u s  sed im en ts  w e r e  m ore  r e ­
s t r i c t e d ,  bu t a re  known f r o m  P e r u , B o liv ia , and B ra z il.
D uring  th e  P erm ia n , T r ia s s ic ,  and .J u ra ss ic , th e  
g r e a t e r  p a r t  o f  th e  S ou th  A m erican  con tin en t w a s  above 
se a  lev e l, a lth ough , h o w e v e r , T r ia s s ic  and J u r a s s ic  sed im ents 
have been  fou n d  on th e  w e s te r n  p a rt  o f  th e  co n tin e n t.
B A L T A  (1899 ) rev iew ed  th e  C a rb o n ife ro u s  o f  
P e ru  and published a s k e tc h  map show ing tw o  a re a s  in 
w hich th e  C a rb o n ife ro u s  had been show n t o  e x is t . A c c o r d ­
ing t o  BOW M AN ( 1 9 1 6 ) ,  S T E IN M A N N  ( 1 9 1 4 ) ,  D O U G L A S  
(1 9 1 4 ) and K O S L O W S K I  ( 1 9 1 4 ) ,  G E R T H  (1915) n o ted  
" la rg e  fu su lin as" on th e  r io  Pam pas b e tw e e n  A ba n cay  and 
A y a cu ch o , and slen der fusu linas in th e  lim eston e o f  C e r ro  
A m pay a t  A b a n ca y . In  1919 B E R R Y  and S IN G E W A L D  
made small co lle c tio n s  o f  fusu linas f r o m  Y um pupata and 
Chulpam pa, B o liv ia . L I S S O N  and B O I T  (1942) fou n d  
fu silin as a t  S an  H?afael mines while T H O M P S O N  (1943 ) 
id en tified  a lo w e r  Perm ian fusulina f r o m  deep  drill holes 
in th e  G anzo A zu l oil f ie ld . N E W E L L  (1949 and 1 9 5 3 ) , have 
fu rn ish ed  consid erab le  in form a tion  on th e  s p e c if ic  com p osition
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o f  th e  in v e r te b r a te  fa u n a , H E IM  (1 9 4 7 ) , and K A L A F A T O V I C H  
co lle c te d  fusu lina  n ear H acienda T io  n ea r San S a lv a d o r , on 
th e  U rubam ba R iv e r , 11 miles n o r th e a s t  o f  C u z c o . R . E .
K IN G  w as th e  f i r s t  t o  re co g n ize  th e  P erm ian  age  o f  th e  
U p p er C a rb o n ife ro u s  s t r a t a  o f  th e  ce n tra l A n d e s . F inally 
U . P E T E R S E N  (1958 ) in tw o  o f  his in te r e s t in g  papers 
deals w ith  th e  gen era lized  geology  and s tr a t ig ra p h y  and w ith  
th e  in tru s ion s  and m ineralization  o f  all o f  P e r u .
I t  seem s p e r t in e n t  t o  rem a rk , th a t  th e  m ore 
s ig n ifica n t con trib u tion  t o  th e  geo log y  o f  th e  reg ion  w a s  
made by BO W M AN  (1916 ) f o r  th e  g r e a t  s e c t io n s  o f  U p per 
P a le o zo ic  r o ck s  in s o u th -c e n tr a l P e r u . In  addition  th e  
p apers by N E W E L L  (1 949 ) and N E W E L L , C H R O N IC , 
and R O B E R T S  (1953 ) w e r e  con su lted  m o s t  fr e q u e n t ly .
2 . H is to r y  o f  L o ca l In v e s tig a tio n
T h e  d is t r ic t  in w hich th e  p r e s e n t  th e s is  a rea  is  
lo c a te d , is one o f  th e  o ld e s t  mining d is t r ic t s  o f  P e r u . Mining 
has been  a c t iv e  f o r  many y e a rs  in a m ore  o r  le s s  d iscon tin ­
uous m anner and on a small s ca le . T h e  earlier  mining o p e ra ­
t ion s  w e r e  fo c u s e d  on s ilv e r  o r e s  as  th e ir  prim ary  o b je c t iv e , 
and m o st  probably  th ey  w e r e  know n and w ork ed  by th e  I n c a s .
T h e  f i r s t  se r iou s  a t te m p t  t o  develop  th e  m ineral 
r e s o u r c e s  in th e  a rea  o f  V ilcabam ba se e m s  t o  have been
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made by th e  Span iards during th e  colonial p eriod  w hen  t r a n s ­
p o r ta t io n  c o s t s  and w a g es  w e r e  n o t  a se r io u s  p rob lem . 
N um erous bod ies  o f  r ich  s ilv er  o r e s  w e r e  mined and it  is 
likely th a t  much o f  th e  o r e  w as  mined ou t in th is  period  
and th a t  i t  w a s  a p eriod  o f  m ore a c t iv e  mining. T h e  
re a so n  w hy th e  Span iards abandoned th is  zone is  unknow n.
S in ce  th a t  tim e variou s eva luations o f  th e  p r o p e r ­
t ie s  in th e  a rea  have been  made f o r  c o p p e r , s ilv e r , lead , 
n ick e l-co b a lt  and uranium . B u t th e  d i f f ic u l t  f r o n t ie r  
cond itions and th e  e x tre m e ly  c o s t ly  t r a n s p o r ta t io n  w e r e  
alw ays f a c t o r s  w hich s low ed  dow n ex p lo ra tio n .
O u r  f i r s t  te ch n ica l know ledge o f  co p p e r  mining 
in V ilcabam ba d is t r ic t  d a te s  back t o  th e  y e a r  1865 when 
R A IM O N D I v is ited  th is  d is t r ic t  and d e scr ib e d  n o t  only th e  
o c c u r r e n c e  o f  su lfu ra rse n id e s  w hich w e r e  used  by th e  in­
hab itan ts  t o  poison  th e  b a t s ,  b u t a lso  em phasized th e  high 
s ilv er  c o n te n t  in th e  " p a c o s ” .
A  ren ew ed  a t te m p t  t o  develop  th e  d e p o s its  w e r e   ^
made u n su cce ss fu lly  in 1890 by M artin  P io  C oncha and 
M ario V e la rd e . In  1891 th e  claim corresp on d in g  t o  th is  
mine w as p u rch a sed  by D .  T hom as P o lo  de la B o r d a . In  
1904 J o s e  L a r r e a  R ueda su p erv ised  th e  mining a re a  and 
specia l a t te n t io n  w a s  given t o  develop  nickel o r e .
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Sm all s ilv er  p rod u ction  w as made by P ab lo  B o t t g e r  
(1906) who is  r e p o r te d  t o  have e x t r a c t e d  80 kg . o f  s ilver  
in th e  c o n c e n t r a te s ;  bu t w a s  unable t o  in te r e s t  anyone in 
th em . In  th e  su cceed in g  y e a rs  only sp orad ic  p ro sp e ctin g  
w as d on e. In  1954 vJuan M ariana V e la s c o , a C u zco  law yer 
announced he had d isco v e re d  uranium in th e  a re a . In  th e  
sam e yea r  K .  B o g g e r  o f  th e  U . S .  A to m ic  E n erg y  C om m is­
sion v e r ifie d  th e  o c c u rr e n c e  o f  uranium .
A b o u t 1956 Ju an  M ariano V e la s c o  in te r e s te d  C e r ro  
de P a s c o  C o rp o ra t io n , w hich  to o k  a p a r t  o f  th e  p ro p e r ty  
under op tion . E x p lo ra to ry  diamond drill holes gave d is ­
couraging r e s u lt s .
U nder th e  stim ulus o f  th e  high p r ice  o f  uranium , 
th e  A to m ic  E n erg y  C om m ission o f  P e ru  in 1957 ren ew ed  
th e  a t te m p t  t o  p r o s p e c t  f o r  ra d ioa ctiv e  m inerals. T h ey  
lo ca te d  new uranium o c cu rr e n c e s  in unexplored  a r e a s .
T h e se  a re  p re s e n t ly  being in v estig a ted  and c o n s t itu te  th e  
su b je ct  o f  th e  p re s e n t  th e s is .
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I I .  G E O G R A P H Y
A . T H E  C O R D I L L E R A  O F  T H E  A N D E S
T h e te rm  A n d es is  used  a s  a general te rm  f o r  th e  
w hole mountain sy s te m  in P e r u , and it s  variou s bran ch es 
are  spoken o f  as  C ord ille ra s . T he branch  t o  th e  e a s t  o f  
L ake T it ic a c a  is called th e  C ord illera  O rien ta l and th e  one 
t o  th e  w e s t  th e  C ord illera  O ccid en ta l. T h e  joining o f  th e s e  
bran ch es t o  th e  n o rth  o f  L ake T it ic a c a  is  called th e  knot 
o f  V ilca n o ta , a nam e taken fr o m  a sn ow -ca p p ed  peak .
P rom  th is  kn ot n orth w a rd  th r e e  bran ch es a re  com m only 
recogn ized  in stead  o f  t w o ;  th e  C ord illera  O ccid en ta l runs 
parallel t o  th e  sh o re  line and r is e s  s te e p ly  above th e  w e s te r n  
side o f  th e  in te r -C o rd ille ra  p la teau s . T h e s e  m ountains 
a tta in  e levation s o f  5000 t o  6000 m. above th e  sea  level.
T he C ord illera  C en tra l s e p a ra te s  th e  valleys o f  A purim ac 
and V ilca n o ta . B e tw e e n  th e s e  valleys lies th e  V ilcabam ba 
mining d is t r ic t ,  w hile th e  C ord illera  O rien ta l adjoins th e  
f o r e s t  reg ion  o f  th e  A m azon jungle.
T h e  C e n tra l C ord illera  taken  as  a w hole fr o m  th e  K n o t 
o f  V ilca n ota  o r  nearby  i t ,  has a general w e s te r ly  t r e n d , bu t 
co n s is ts  o f  many individual mountain ranges w ith  le s s  elevation  
than th e  mountain i t s e l f  (s e e  F igu re  3 ) .
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A c co r d in g  t o  N E W E L L  (1 949 , p . 90 ) six  o ro g e n ic  c y c le s  
a re  in fe r r e d  fr o m  th e  s tr a t ig ra p h ic  r e c o r d .  T h e y  a re  as 
fo l lo w s  r
1 . O rog en y  n ea r  th e  " C lo s e "  o f  th e  P a le o z o ic  
(A ppalach ian  o r o g e n y ? ) ,  fo llo w e d  by pen ep lanation .
2 . O ro g e n cy  n ea r  th e  end o f  th e  J u r a s s ic  
(N evadian  o ro g e n y ) , fo llo w e d  by peneplanation .
3 . W arping in C ord illera  O rie n ta l n ear th e  end 
o f  th e  Medial C r e ta c e o u s .
4 . F old ing  n ea r  th e  c lo se  o f  th e  C r e ta c e o u s  
(L a ra m id e ? ) in W e ste rn  C ord illera  and A n tip ian o , w hich 
may have con tin u ed  in to  P uno t im e .
5 . F old ing  and peneplanation  a t  th e  c lo s e  o f  
Puno tim e (M io ce n e ? ) .
6 . D e p o s itio n  o f  T o ca z a  v o lca n ics , fo l lo w e d  by 
com p ress ion  f r o m  n o r th e a s t  and s o u t h w e s t ,  t o  fo r m  sev era l 
o v e r th r u s t  fa u lt s  (P l io c e n e ? ) .
7 . P en ep lan a tion , fo rm in g  a s u r fa c e  w h ich  m erges 
in B oliv ia  w ith  p o s t -P u n o  s u r fa c e  t o  fo r m  regiona l Puno 
peneplain.
8 . B lo ck  fa u ltin g  and su b sid en ce  o f  A n tip ian o j 
origin  o f  L a k e  Ballivian ( la t e s t  P lio cen e  -  early  P le is t o c e n e ) .
9 . P a r t ia l drainage o f  B olivian t o  fo r m  B ake
T it ic a c a  (P le is t o c e n e  -  R e c e n t )  , su b sid en ce  o f  L a k e  f l o o r
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t o  p re s e n t  d e p th , sim ultaneous w ith  la te  s ta g e  o f  uparching 
o f  Andean s y s te m . E x tru s io n  o f  S illapaca volcan ics 
(P lio ce n e ? , P le is to ce n e  — R e c e n t ) .
T op ograp h ic  S e t t in g . T h e geograph ic p os ition  o f  th e  
V ilcabam ba a rea  is show n  in F igu re  2 . T h e r e lie f  s k e tch  o f  
S ou th ern  P e ru  in th e  C u zco  area  sh ow s th e  p re se n ce  o f  an 
extensively  d ise c te d  upland region  bounded on th e  s o u th w e s t  
by th e  P eruvian  co a s ta l plain and on th e  n o r th e a s t  by  s lop es  
leading t o  th e  A m azon  A r e a . T h is  s u r fa c e  w hich H . E . 
G R E G O R Y  calls th e  P eruvian  P la tea u  is p a r t  o f  th e  Andean 
P lateau  on th e  g r e a t e s t  o f  th e  w o r ld 's  highlands. A b ov e  
th is plateau s u r fa c e ,  w hich has an e levation  o f  4000 t o  4500 m. 
above se a  lev e l, r ise  snow  clad p ea k s . D eep  canyons are  cu t  
in to th e  s u r fa c e  and lead aw ay fr o m  i t .
T h e  a re a  p ictu red  sta n d s  a t  an av era ge  e levation  o f  
about 4000 m . and is surm ounted  by peaks reach in g  upw ard 
as high as 5500 t o  6000 m. T h e e x tre m e s  o f  e levation  in 
th e  zone a res  th e  sum m it o f  th e  sn o w —capped- peaks o f  
"E l S a lca n ta y "  (6 .2 0 0  m . ) ,  "E l H uayon ay", "E l S a c s a r a y o c " ,  
"E l K a ic o " ,  "E l C om balla ", and, n earby  V ilcabam ba village,
"E l C e r ro  Y u n gu iyoc" (4710 m . } .
In  f a c t ,  so  deeply tren ch ed  a re  th e  highlands and so  
narrow  th e  spacing b e tw e e n  th e  g igantic g o rg e s  and hugfi e rosion
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rem n ants th a t  i t  is  d i f f ic u lt  f o r  one standing in th e  middle 
o f  th e se  fe a t u r e s  t o  gain a broad  view  o f  th e  w hole reg ion . 
T h e sn o w -c la d  peaks m entioned are  g igan tic  exam ples o f  
e rosion  rem n an ts  fo rm e d  by r e s is ta n t  r o ck s  erod ed  on b o th  
s id es  o f  th e  C ord illera  V ilcabam ba s lo p e s .
T h e  V ilcabam ba mountain range probably  r e su lts  fr o m  
th e  e levation  and g r e a t e r  o r  le s s  d is s e c t io n  o f  a m ore  an cien t 
mountain s y s te m  which had been  p rev iou sly  e ro d e d . T he 
e levation  o f  th e  mountain region  w a s  accom plished  by 
m od era te  d e fo rm a tio n  in p a r t  w ith  s t r o n g  block  fa u lt in g .
T h e te m p e ra tu re  o f  th e  mining d is t r ic t  and hen ce th e  
e f f e c t iv e n e s s  o f  th e  r o ck  d e s in teg ra tion  fr o m  f r o s t  is su b ­
je c t  t o  w ide varia tion  and th e  c o n t r a s t  b e tw e e n  day and 
night te m p e ra tu re  is  p articu larly  s e v e r e .  Snow  on th e  
m ountains and th e  ice  on standing w a t e r  in th e  low lands are  
norm al f o r  J u n e  and J u ly .
A t  e leva tion s  o f  3800 mm. th e  "qu arry in g  a c t io n "  o f  
fr e e z in g  w a t e r  is probably  f e l t  f o r  f iv e  m onths o r  m ore  in 
th e  y e a r , and above  4000 m . f r o s t  may o c cu r  any night th e  
y e a r  arou n d . R e s u lts  o f  f r o s t  a ction  is in d icated  by th e  
am ount o f  ta lu s  a t  th e  ba se  o f  C e r r o s  T em b lad era ,
Y unguiyoc, S an  C r is to b a l, e t c .
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B . G L A C IA T IO N
A b ov e  4300 m. th e  landscape has been  molded by ancient 
glacierso C irques a t  th e  heads o f  th e  valleys are  c h a r a c te r ­
is t ic  f e a t u r e s .
T h e  c r o s s -p r o f i le  o f  th e  valleys show  th e  U -sh ap ed  
c h a r a c te r , w ith  hanging valleys on th e  s id e s . O f  th e  U -  
shaped valley produ ced  by th e  earlier  g la cia tion , th e  ch ie f 
m odifica tion  has been caused  by la tera l filling due t o  develop ­
m ent o f  ta lu s  con es  and fa n s . T h ese  d ep os its  have a 
ten d en cy , especia lly  when th e  valley is in re la tiv e  s o f t  o r  
fr a c tu r e d  r o c k , t o  co n v e rt  th e  original U -sh ap ed  c r o s s  
p ro file s  in to  a m odified  V , w hich in it s  com p lete  development^ 
is d if f ic u lt  t o  distinguish  fr o m  a norm al V -sh a p ed  s tre a m  
valley. H ow ev er  th e  p r o c e s s  has ra re ly  gone f a r  enough 
to  o b lite ra te  i t s  original U - fo r m .
A lm o st  all peaks w hich r ise  o v e r  4 ,8 0 0  m. a re  p a rtly  
cov ered  by g la c ie rs . T h o se  o v e r  5 ,000  m. usually give r ise  
t o  ex ten s iv e  ic e - f ie ld s .  T he c r e s t  o f  th e  C ord illera  in th is  
s e c t io n  o f  P e ru  is n o t  continuously ic e -c la d , but along th e  
s o u th w e s te rn  ra n g e , s e c t io n s  o f  m ore than 10 km. in length  
w ith ou t snow  peaks a re  r a r e . T h e ice fie ld s  on th e  flanks 
o f  sev era l c lu s te r s  o f  lo f t y  peaks are  com parable t o  th e  
C ord illera  B lanca , but th is la t t e r  range probably has th e  
m ost ex ten siv e  g la ciers  in P e r u .
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B O W M A N  ( 19 16 }' p o in ted  o u t  th a t  th e  glacial f e a t u r e s  
o f  th e  C ord ille ra  o f  V ilcabam ba re q u ire s  a c lim atic  and n o t  
th e  to p o g ra p h ic  h y p o th e s is . He s t a t e s :
"T h e  c o u n try  w e s t  o f  th e  C ord ille ra  V ilcapam pa* 
has been  red u ce d  t o  early  to p o g ra p h ic  m a tu r ity  b e f o r e  
th e  Xce A g e , and th en  u p lifte d  w ith  only m o d e ra te  
e ro s io n  o f  th e  m a sses  o f  th e  in te r f lu v e s  w hich  on 
th e  e a s t  had p a sse d  th rou gh  th e  sam e seq u en ce  o f  
e v e n ts , a lthough  th e  e ros ion  had been  c a r r ie d  much 
f u r t h e r .  T h e  re a so n  f o r  th is  is  fou n d  in a s t r o n g  
clim atic  c o n t r a s t .  T h e  e a s te r n  s ide  is th e  w^dward 
a s p e c t  and r e c e iv e s  much m ore  rain than  t h e  w e s t e r n  
s id e . T h e r e f o r e ,  i t  has m ore  s tr e a m  v e lo c ity  and 
m ore  rapid  d is s e c t io n . T h e  r e s u lt  w a s  th a t  th e  
e a s te r n  s lop es  w e r e  cu t  t o  p ie ce s  rapidly  a f t e r  th e  
la s t  g r e a t  reg iona l u p l i f t . "
T h e  con d ition s  o f  th e  g la c ie rs  in th is  a re a  w ith  r e f e r ­
en ce  t o  th e ir  s t a t e  o f  advance and r e t r e a t  have been  
r a th e r  u n ifo rm , t h a t  i s ,  th e  len gth  and h eigh t o f  th e  
ex istin g  g la c ie rs  h as been  ap p rox im ate ly  c o n s ta n t  during 
th e  p a s t  40 y e a r s .  T h is  is  in c o n t r a s t  t o  C e n tra l P e r u ,  
w h e re  a lm o s t  all g la c ie rs  have r e t r e a t e d  qu ite s t r o n g ly , 
p a rticu la r ly  during th e  p a s t  tw e n ty  y e a r s .
*V ilcap am pa = V ilcabam ba
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C . D R A IN A G E
In  th e  la titu d e  o f  V ilcabam ba th e  s u r fa c e  o f  th e  upland 
is deep ly  d is s e c te d  by  th e  A pu rim ac and V ilca n o ta  r iv e r s ,  
w hich c a r r y  th e  w a t e r  t o  th e  A t la n t ic .  T h e  w e s t e r n  flank  
o f  th e  C ord ille ra  o f  V ilcabam ba is  drained by  num erous s h o r t  
s tr e a m s  d ire c t ly  t o  th e  A pu rim ac r iv e r . T h e  e a s te r n  p a r t  
is drained to w a r d  th e  V ilcabam ba r iv e r .
A  g lance in to  th e  A p u rim ac and V ilca n o ta  canyon  sh ow s 
th a t  th e  p r e s e n t  valley fo r m  has by no m eans been a tta in ed  
by regu la r  p r o g r e s s iv e  g r o w th  w ith in  a single  c y c le . T o  
m ention only one in d ica tion , th e  variou s alluvial t e r r a c e s  
occu p ied  by  sm all A ndean fa r m s  typ ica l in th e s e  va lley s  in d ica te  
an involved ph ysiograph ic h is to r y .
T h e  rainy se a so n  beg ins in N ovem ber w ith  daily thun der 
s to r m s  and p re c ip ita t io n  re a ch e s  maximum b e tw e e n  D e ce m b e r  
and M arch . I r r e g u la r  ra ins w ith  cloudy sk ie s  a re  usual in 
S e p te m b e r , O c t o b e r ,  A p r il ,  and t o  a le s s e r  e x te n t  in M ay, 
th e  autum n—m onth o f  th e  so u th e rn  h em isp h ere .
T h e  d isch a rg e  o f  s t r e a m s  during th e  P eru vian  sum m er 
is t h e r e f o r e  continuous and la rg e  in volu m e. In asm u ch  as 
th e  c o v e r  o f  v e g e ta t io n  above 2 .8 0 0  m . is  s ca n ty  and 
p a tch y , th e  r u n - o f f  is only s ligh tly  r e ta r d e d  and v ig o ro u s
eros ion  is com m on
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T h e rain which fa lls  in th e  V ilcabam ba region  is 
brou gh t as  humidity fr o m  th e  A tla n tic  (F ig u re  5) » th e  
m ajority  o f  w hich is p re c ip ita te d  in th e  A m azon reg ion  or  
on th e  e a s te rn  flank  o f  th e  O rien ta l C ord illera  w hich it  
e n co u n te rs . D uring th e  sum m er season  th e  clouds r ise  
higher and pass fu r t h e r  t o  th e  w e s t ,  d istr ibu tin g  th e ir  
m oistu re  on th e  C o rd ille ra s . P a r t  o f  it  c r o s s e s  th e  
C ontinental D iv ide , i . e . ,  th e  w e s te r n  C ord illera . A s  a 
consequ ence th e  n arrow  s t r ip  o f  th e  C o a sta l land varying 
in w idth  fr o m  30 t o  70 km . on th e  w e s te r n  side o f  th e  
C ord illera  is a rid , b u t capable o f  producing abundant c ro p s
when ir r ig a te d .
3 4
I I I .  S T R A T I G R A P H Y  A N D  
P E T R O L O G Y
A . S E D IM E N T A R Y  R O C K S
T h e m ajor r o ck  fo rm a tio n s  in th e  th e s is  area  a re  o f  
P a leozo ic  a g e . T h ey  will be d escr ib ed  in d e ta il.
P reca m b ria n , Cambrian., O rdov ician , S ilurian , and 
D evonian fo rm a tio n s  are  n ot p re se n t  w ithin th e  recta n g u la r  
area  o f  th is  th e s is . H o w e v e r , th ey  have been  d escrib ed  
beyond th e  boundaries by many a u th ors  (s e e  f o r  example 
B O W M A N , 1916, P R I C K E R , i 960) and will be b r ie f ly  
con sid ered . T h ese  o ld er  sed im en tary  r o ck s  c o v e r  a g re a t  
p a rt  o f  P e ru  and S o u th  A m erica  and com p rise  th e  m ost  
abundant P a le o zo ic  sed im en tary  r o ck s  in S o u th  A m e r ica . 
T h ese  O rd ov icia n -S ilu rian  fo rm a tio n s  a re  d e scr ib e d  b e lo w .
1 . P reca m b ria n  and Cam brian
EGELER and DE B O O Y  (1956 ) and FRICKER 
(I9 6 0 ) d e scr ib e  m ica -s c h is ts  as th e  o ld e st  r o ck s  in th e  
a re a . T h e se  r o ck s  o f t e n  contain  g a rn e t  and conta in  con ­
cord a n t tre n d s  o f  am phibolites. T h is  com plex is usually 
highly fo ld e d  and fo l ia te d . P a ra g n e iss  la y e rs  are  in t e r ­
ca la ted  in m ore m assive gn e iss . T h e  o c cu r r e n c e  o f  sand­
s to n e  gn eiss  (p sa m m ite -g n e iss ) w ithin th e  s e r ie s  s u g g e s ts  
th a t  all o f  th e  m ateria l is o f  sed im en tary  origin .
35
A cco rd in g  t o  F R I C K E R  ( i9 6 0 ,  p . 60) th e  th ickn ess  
o f  th e  w hole s e r ie s  cann ot be determ in ed  w ith  c e r ta in ty . B u t 
it  am ounts t o  se v e ra l thousand m e te r s . In  th e  u p p er  p ortion s  
o f  th is  s e r ie s  a re  la y e rs  o f  m arble and q u a r tz ite s .
Cam brian ro ck s  a re  r e p o r te d  t o  be a b sen t by 
F R I C K E R  on th e  ba s is  o f  O rdovician  f o s s i l s  fou n d  in th e  
sed im en ts  im m ediately overly ing th e  P recam bria n  r o c k s .
2 . O rdovician  -  Silurian
A cco rd in g  t o  S T E IN M A N N  (1 9 3 0 , p . 15) th e  
O rdovician  -  S ilurian ro ck s  can be subdivided in to t w o  m ajor 
g ro u p s :
a . B o w e r  Silurian o r  O rdovician
b . U p p er Silurian
a . L o w e r  S lu r ia n  o r  O rd ov icia n .*  T he L o w e r  
S lu r ia n  o r  O rdovician /ias a g r e a t  e x t e n t ,  b o th  in th e  sou th  
and n o rth  o f  P e r u ,  and has been w ell estab lish ed  on th e  
ba se  o f  fo s s i l  s tu d ie s .
b . U p p er  S lu r ia n . S T E IN M A N N  poin ts ou t th a t  
U p p er S lu r ia n  ro ck s  have n o t  been id en tified  in P e r u , o r  
v e ry  litt le  is know n about th em . T h is  unit may b e  p re s e n t  
in th e  A m azon  reg ion , to  th e  e a s t  o f  th e  th e s is  a r e a .
F O R B E S  (1 8 6 1 , p . 53) f i r s t  d e scr ib e s  i t  in a 
v e ry  genera lized  w a y , as fo llow s ::
In  th e  su b seq u en t paragrap h s th e se  r o ck s  will be r e fe r r e d  
t o  as O rd ov ician .
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Figure 5. Regional Re la t ionship  of  
Permo-Carboni ferous Format ions in 
Peru,  a f t e r  N E W E L L  (1 9 53 ,  p. 2 2  )
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"T h e  r o ck s  w hich  I  have grouped  t o g e th e r  as 
perta in ing  t o  th e  Silurian epoch  sh ow  th em se lv es  con ­
tin u ou sly , o r  v e ry  nearly  s o ,  o v e r  an e x te n t  fr o m  
n o r th w e s t  t o  s o u th e a s t  o f  m ore  than 700 m iles; and 
th e  a re a  occu p ied  by them  can n ot be "e s t im a te d  a t 
le s s  than 8 0 ,0 0 0  t o  100 ,000  sq u a re  m iles. T h ey  fo r m  
th e  m ountain chain o f  th e  high A n d e s , r is in g  t o  an 
ab so lu te  heigh t o f  25 ,000  f e e t  above th e  s e a ,  and, 
in th e  p a r t  o f  S o u th  A m e r ica  m ore  p a rticu la r ly  th e  
s u b je c t  o f  th is  m em oir, continuous th rou gh  P e ru  
fr o m  th e  n o r th  o f  C u zco  (V ilcabam ba lies 150 km .
N .W . C u z c o ) o v e r  th e  sn ow y ran g es o f  C arab aya  
( S .  E .  P e ru )  and A ppollobam ba (N .W . B o l i v i a ) . . . . "
In  a n oth er  paragraph  he s t a t e s r
"T h e  S ilurian s e r ie s  in th e s e  reg ion s  p r e s e n t  a 
physical c o n fig u ra t io n , as w ell as o th e r  f e a t u r e s ,  so  
unm istakably analogous t o  th o s e  o f  th e ir  equ iva lents 
in E u ro p e , t h a t ,  n o tw ith sta n d in g  th e  much gran d er 
s ca le  on w hich  th e y  a re  d eve lop ed , th e  g e o lo g is t  can n ot 
bu t im agine h im se lf b reath in g  th e  a ir o f  S ilu r ia , even 
b e f o r e  an exam ination o f  th e  r o c k s  th em se lv es  co n firm s  
th is  su sp ic ion .
T h e  e x te n s iv e  developm ent o f  c la y -s la t e ,  sh a les , 
and g ra y w a ck e s , along w ith  th e  m eta llic c o n te n ts  o f  
th e s e  r o c k s ,  p r e s e n t  mineral c h a r a c te r s  v e r y  sim ilar 
t o  th e  B o w e r  S lu r ia n  s e r ie s  in E u r o p e . . . . "
On page 20 he p o in ts  ou ts
" A s  th e  S lu r ia n  origin might in d ica te  ( f o r  P e r u ) , 
th is  fo r m a tio n  is e v e ry w h e re  em inently a u r ife r o u s , 
and has been  b oth  s in ce , and probably  even  b e f o r e ,  
th e  tim e  o f  th e  In c a s  v e ry  la rge ly  exp lored  f o r  gold . 
T h e  g r e a t  q u an tities  o f  gold fou n d  in P e ru  a t  th e  
tim e o f  th e  Spanish  co n q u e s t , had in g r e a t e r  p a r t ,  
i f  n o t  w h olly , been  derived  fr o m  th e s e  diluvial a ccu m ­
u la tion s . "
G R E G O R Y  (1913^ p . 2Qi+) r e fe r r in g  t o  th e  S lu r ia n  
on th e  w e s t  o f  th e  C ord ille ra  R ea l o f  B oliv ia  qu oted s
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"T h e  p re s e n ce  o f  S ilurian r e s t s  on te n  sp e c ie s  
c o lle c te d  by D 'O R B I G N Y , none o f  w hich a re  a c c e p te d  
by S A L T E R - a s  p rop er ly  d e term in ed ; f iv e  L o w e r  ( ? )  
S ilurian and fo u r t e e n  U p p er S ilurian  species ., m ostly  
f r o m  th e  C ord illera  R e a l, c o lle c te d  by F O R B E S  and 
d e scr ib e d  by  S A L T E R ;  O rdovician  g ra p to lite s  d escr ib ed  
by S T E IN M A N N  (1 9 0 4 )t S T E IN M A N N 's  co lle c tio n  
f r o m  sou th ern  B oliv ia  d e scr ib e d  by U L R I C H , and on 
a co lle c tio n  o f  g r a p to lite s  fr o m  S a n to  D o m i n g o . . . . "
BO W M AN  (1 9 1 6 , p . 23.6) r e p o r t s  t o  have loca lized
L o w e r  S lu r ia n  although U rubam ba r iv e r  ap prox im ately  100
km . E . o f  V ilcabam ba, b u t in th e  a b sen ce  o f  f o s s i l  ev id en ce ,
no d e fin itiv e  age can be a scr ib e d  t o  t h a t  b ed . D O U G L A S
(1 9 2 1 , p . 278) r e p o r t s  t o  have id e n tifie d  a d e fin itiv e  b e lt
o f  O rdov ician  g ra p to lite -b e a r in g  sh a les ( o f  L lanvirn  ag e )
w hich seem s  t o  b e  continuous fr o m  B oliv ia  t o  Inam ban
d is t r ic t  in S .  E . o f  P e r u . T h e  m ore r e ce n t ly  and reliable
s tr a t ig ra p h ic  s tu d y  o f  th e  V ilcabam ba d is t r ic t  w a s  made
by th e  S w is s  G eo log ic  E xp ed ition , w hich in I960 sp e n t abou t
th r e e  m onths in th is  area  and b rou g h t o u t  r e s u lts  in variou s
fie ld s  o f  g eo log y . In  regard  t o  th e  O rdovician  fo r m a t io n
F R I C K E R  ( i9 6 0 ,  p . 6 l )  p o in ts  ou ts
"T h e  fo s s i l i fe r o u s  O rdov ician  c o n s is ts  mainly o f  
b lack  iron  bearin g  s la te s  and o f  light p laty  q u a r tz it e s . 
A t  P o t r e r o  a fe w  thin and light m arl la y e rs  e n te r  
in to  th e  s e r ie s .  T h e  th ick n ess  o f  th is  s e r ie s  w hich 
is a lso  v e ry  w ell exposed  a t  C h oq u etira  (a b o u t 16 km 
s tr a ig h t  line fr o m  N egrillas) and so u th  o f  P am pa 
S o r a y  is  about 1000 m e te r s . H o w e v e r , in th e  n o r th  
o f  C hucu ito  P a s s  (a b ou t 3 km fr o m  N eg rilla s ) c o r r e s ­
ponding r o c k s  could n o t  be fou n d  on th e  to p  o f  th e
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g re e n  p h y llites . I t  is  v e ry  qu estion ab le  w h e th e r  
th is  d ep osition  belongs p a rtly  s till t o  th e  Silurian 
(S ilu rian  in th e  s t r i c t  s e n s e ) especia lly  b e ca u se  in 
th e  tro u g h  o f  C h oq u etira  th e  fo s s i l i fe r o u s  D evonian 
s t a r t s  loca lly  w ith  a b r e c c i a .n
3 .  D evon ian
A s  has been  pointed  ou t in th e  p rev iou s  s e c t io n , 
th is  fo r m a tio n  along w ith  th e  O rd ov icia n , re a ch e s  g r e a t  
developm ent in th e  S E  o f  P e ru  as  w ell as  in B oliv ia . B o th  
fo r m a tio n s  seem  t o  belong  t o  a single c la s t ic  fa c ie s  o f  dark  
shales and sa n d sto n e s  and th e ir  m etam orph ic equ iva len ts .
A c co r d in g  t o  S T E IN M A N N  (1 9 3 0 , p . 20 ) th e  
D evonian fo r m a tio n  has been  id e n tifie d  in th e  reg ion  o f  th e  
L ak e T it ic a c a  and e x te n d s  t o  S icu an i, S . E .  o f  C u z co .
A lso  an is o la te d  o u tc r o p  has been  fou n d  in V iro i , d ep a rtm en t 
o f  H u anu co, C en tra l P e r u . T h e  th ick n e ss  o f  th is  fo rm a tio n  
in th e  L a k e  T it ic a c a  a re a  is  ap prox im ately  1000 m . T h e  
D evonian b ed s  c o n s is t  prim arily o f  p o r o u s , re d  t o  yellow  
s a n d s to n e s .
M o s t  o f  th e  D evonian  un its  th a t  have been  stu d ied  
a re  lo w e r  D evonian  in age (H E L D E R B E R G  and O R I S K A N Y , 
N o rth  A m erica n  N om en cla tu re  a cco rd in g  t o  S T E I N M A N N , 
1930, p . 2 1 ) .
T h e  s c a r c i t y  o f  D evonian  sed im en ts  in P e m  is  
explained by th e  o r o g e n e t ic  e ro s io n  p eriod  th a t  t o o k  p lace
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F igu re  6 , P anoram ic view o f  th e  V ilcabam ba V alley  w ith  
th e  f o g  typ ica l f o r  th is b o rd e r  zone o f  th e  tro p ica l A m azon 
R iver basin . (P ic t u r e  taken  fr o m  th e  hut Huamanapi, th e  
ba se  o f  ex p lora tion , 4 >200 m. above se a  level.)
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during t h e  U p p er D ev on ia n . I t  should be em phasized  h e re  
th a t  in m o s t  o f  th e  C ord ille ra  reg ion  o f  P e r u , C a r b o n ife r o u s  
bed s d ir e c t ly  ov er lie  th e  P reca m b ria n  w ith  no in te rm e d ia te  
p er iod s  r e p r e s e n te d  (S T E I N M A N N , 19 30 , p . 2 1 ) .
A c co r d in g  t o  G R E G O R Y  (1913% p . 2 0 4 )?
"T h e  p r e s e n c e  o f  D evon ian  in th e  T it ic a c a  reg ion  
w a s  f i r s t  d e m o n s tra te d  by th e  d is c o v e r y  o f  seven  
s p e c ie s  by  D 'O R B I G N Y , fo u r  o f  w h ich  a re  a c c e p te d  
by S A L T E R  as c h a r a c t e r is t ic  o f  t h a t  e r a . T h e s e  
s p e c ie s ,  including th e e  additional o n e s  c o lle c te d  by 
F O R B E S ,  a re  unlike fo r m s  fou n d  e ls e w h e r e ."
M A L D O N A D O  (1 9 1 8 ) r e p o r t s  a D evon ian  fa u n a  fr o m  
th e  im m ediate  v ic in ity  o f  S icuani ( S .  o f  C u s c o ) ,  f r o m  
black  sh a le ; w hile D O U G L A S  (1 9 2 0 , p . 5 5 ) s u g g e s te d  th a t  
in th e  L o w e r  D evon ian  t im e s  th e  se a  c o v e re d  a la rg e  t r a c t  
o f  th e  c o u n tr y  now  fo rm in g  th e  B olivian altiplano and th e  
d is t r ic t  n o r th  and w e s t  o f  L a k e  T it i c a c a .  A c c o r d in g  t o  
th e  sa m e a u th or  during U p p e r  D evon ian  and L o w e r  C a rb o n ­
i fe r o u s  t im e s , th e  c o u n tr y  a p p ea rs  t o  have been  e le v a te d  
above  s e a - le v e l .  B u t  t o w a r d  th e  c lo s e  o f  th e  A vonian  
ep och  a fu r t h e r  g r e a t  t r a n s g r e s s io n  t o o k  p la ce , and m arine 
d e p o s its  o f  U p p er  C a r b o n ife r o u s  and P e r  m o—c a r b o n ife r o u s  
age w e r e  laid dow n o v e r  w ide a re a s  in th e  in te r —A ndean 
reg ion .
D O U G L A S  ta b u la te d  th e  h is t o r y  o f  th e  C o rd ille ra
as f o l lo w s :
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F igu re  7« V iew  o f  th e  glacial valley o f  V ilcabam ba, looking 
e a s t  fr o m  an e levation  o f  4 ,2 0 0  m .
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—  D e p o s it io n  o f  o ld e r  P a le o z o ic  r o c k s ,  up 
and including t h e  L o w e r -M id d le  D evon ian
—  U p p e r  D evon ian  u p li f t
—  P e r m o -C a r b o n i fe r o u s  t r a n s g r e s s io n
—  P e r m o - T r ia s s i c  u p li f t
—  J u r a s s i c  t r a n s g r e s s io n
—  M id -T e r t ia r y  u p l i f t ,  a ccom p a n ied  b y  a 
g r e a t  o u t b u r s t  o f  v o lca n ic  a c t iv i t y .
N E W E L L  (1 9 5 3 , P. 12} a g r e e d  w ith  th is  ta b u la t io n  
and p o in ts  o u t  t h a t  d ia s t r o p h is m , p ro b a b ly  du ring  th e  la te  
D e v o n ia n , w a s  r e sp o n s ib le  f o r  b ro a d  w a rp in g  and t r u n c a t io n  
o f  th e  a r e a  n ow  o c cu p ie d  b y  t h e  A n d e s  and c o a s t a l  P e r u .
H e s t a t e s  t h a t  t h e r e  is  n o  r e c o r d  o f  U p p e r  D ev on ia n  in 
P e r u ,  and th e  M iddle D evon ian  is  lim ited  t o  a sm all a re a  
w ith in  th e  T i t i c a c a  b a s in . H o w e v e r , in t h e  a ltip la n o  o f  
B o liv ia , M iddle D ev on ia n  o c c u r s  e x te n s iv e ly  (K O Z L O W S K Y , 
1 9 2 3 ) .
P R I C K E R  ( i 960 , p .  61 ) p o in ts  o u t  t h a t  t h e r e  
is  D evon ian  n e a r  th e  C h u cu ito —P a s s  in th e  V ilca b a m b a  a r e a ,  
b u t  c a n n o t  fu rn is h  f o s s i l  e v id e n c e . H o w e v e r ,  a t  P o t r e r o  
30 k m . d is t a n c e  o f  V ilca b a m b a  D ev on ia n  f o s s i l s  a r e  com m on .
T h e  c o m p le te  p a ra g ra p h  is  a s  f o l l o w s :
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D evon ian  "T h e  y ou n gest b ed s  in th e  C h oq u etira  basin 
a re  D evonian in a g e . A s  m entioned already th e  base  
is  fo r m e d  locally  by  a slightly ca lca reou s  b r e c c ia  which 
con ta in s predom inantly  q u a r tz ite  fr a g m e n ts . A b ov e  
th a t  fo llo w  b r it t le  gray  q u a r tz ite  w hich w e a th e r  
b row n  as w ell as  g ray  clay sh a les . In  th e  middle 
p o r tio n  in th e  s e r ie s  is  am approxim ately  3 m . th ick , 
d ir ty , gray  im pure lim eston e b e d , w ith  q u a r tz ite  and 
shales above i t  fo rm in g  th e  t o p  o f  th e  s e r ie s .  T he 
lo w e r  p ortion  o f  th e  approxim ately  300 m. th ick  
s e r ie s  con ta in s  som e fo s s i l s ,  predom inantly slightly  
d e fo rm e d  brach iopod  im p rin ts . E specia lly  w o r th  
m entioning is  am im print S ch u ch e rte lla  c f s .  A g a ss iz i , 
a ty p e  o f  brach iopod  d escr ib ed  fr o m  th e  L o w e r  D evonian 
o f  Bolivia by K O Z L O W S K I  in 1 9 2 3 .”
O th e r  se d im e n ts , probably  also o f  D evon ian  ag e , 
a re  known N . o f  th e  C hucu ito P a s s  S .W . o f  V ilcabam ba. 
.S ed im ents o f  U p p er  D evonian and M ississippian age could 
n o t  be p roven  t o  be  p re s e n t  in th e  a rea  s tu d ied .
2+. P e r m o -C a r b o n if  erou s
a . A m bo group  (M ississippian ). M ississippian 
ro ck s  have n o t  been  estab lish ed  w ith  certa in ly  in th e  
V ilcabam ba a re a . No one has s o  f a r  d ed ica ted  h im self 
t o  th is  p rob lem . H o w e v e r , th e  w r it e r  believes th a t  th e  
tw o  m ajor s y s te m s  o f  C a rb o n ife ro u s  (M iss iss ip p ia n -P en n sy l- 
vanian) a re  m ost probably  p re s e n t  in th e  a rea  o f  th e  
V ilcabam ba mining d i s t r i c t .  T h e  ba sic  re a so n  f o r  th is  
s ta te m e n t  is  t w o fo ld ;  although b o th  o f  them  a re  n o t  con ­
clusive
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1. C a rb o n ife ro u s  ( ? )  p la n ts , p oorly  p r e s e r v e d , 
w e re  c o lle c te d  a t  O ro co m o r jo  (A G U I L A R , e t  al. , 1957 , p . 
13) b e tw e e n  P am pacon as and V is ta  A le g r e , w hich is about
10 km . w e s t  o f  V ilcabam ba. T h e  p la n t-b e a r in g  shale beds 
w e r e  fr a g ile  and ca rb o n a ce o u s . No d eta iled  d eterm in ation  
w as ca rr ie d  o u t . S in ce  no p lant fo s s i l  has been  r e p o r te d  
f o r  th e  D evonian in P e r u , t h e r e f o r e ,  th e s e  r o ck s  a re  
te n ta t iv e ly  assigned t o  th e  M ississipp ian .
2 . A t  N eg rilla s , w hich  is th e  so u th e rn m o st  
point o f  th e  p r e s e n t  w o r k , th e  phyllites a re  d ir e c t ly  o v e r -  
lain by a pinkish co n g lo m e ra te . T h e con g lom era te  is 
com p osed  o f  q u a r tz it e , q u a rtz  and phyllite pebbles w ith in
a s ilty  m a tr ix . T h e  con g lom era te  pinches o u t  to w a r d  th e  
e a s t  o f  N eg rilla s , w hich  s u g g e s ts  a len ticu lar  c h a r a c te r  and 
a variable  lith o log ic  s e q u e n ce . Xt now  se e m s  p r o p e r , in view  
o f  th e  lith o log ic  s im ila rity  and s tr a t ig ra p h ic  p o s it io n , th a t  
th is  bed  should be c la ssed  as M ississipp ian , i . e . ,  as A m bo 
grou p .
T h e  n e a r e s t  M ississippian (A m bo grou p ) 
o c c u r r e n c e  is a t  F a s a je , ab ou t 18 km . n o r th w e s t  o f  A ban cay  
and abou t 100 km . w e s t  o f  V ilcabam ba.
In  f a c t ,  NEWELL (1 9 5 3 , PP. 1 1 , 13 , 31 ) 
sh ow s a p ic tu r e  o f  th e  P a s a je , A m bo grou p  o u tc r o p  and gives
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th e  fo llo w in g  se q u e n ce s*
"M iss iss ip p ia n , A m b o  G roup
3 .  S h ap e  and in te rb e d d e d  s a n d s to n e , b r ic k  r e d , 
e s t im a te d  a t  1000 f e e t .
2 . C o n g lo m e r a te , m a ss iv e , r e d  and b ro w n  com p osed  
o f  b ou ld ers  up t o  2 f t .  in d ia m e te r  o f  q u a r tz it e , 
g r a n ite , a n d e s ite , l im e s to n e , in m a tr ix  o f  c o a r s e  
q u a r tz  s a n d s to n e , m akes con sp icu ou s hogback  
parallel w ith  th e  A p u rim a c R iv e r ,  e s t im a te d  a t  
2 ,0 0 0  f e e t .  T o ta l  A m bo g ro u p , 3000 f e e t . "
R e fe r r in g  t o  th e  lith o log y  o f  P a s a je  N E W E L L  adds (p .  1 1 ) s
,rT h e  lo w e r  t w o - t h ir d s  a re  m assive  bed s o f  co n g lo m e ra te  
in- a m a tr ix  o f  c o a r s e  b row n  sa n d s to n e  (p i .  1 ,  p i. 2 ,
F ig . 2 ) ,  grad ing  up w ard  in to  in terb ed d ed  re d  s a n d s to n e s  
and re d  s h a le s . L ith o log ica lly  m ore  like th e  A m bo o f  
c e n tra l P e r u  a re  co a l-b e a r in g  c la s t ic  b ed s  a t  th e  b a se  
o f  th e  marine lo w e r  P erm ian  n e a r  T iquina s t r a i t ,  on 
th e  P eru v ia n -B o liv ia n  b o r d e r ,  L a k e  T it i c a c a .  A b o u t  
700 f e e t  o f  bed s  overly in g  t h e  D evon ian  a r e  provisionally  
r e f e r r e d  on lith o log ic  grou n ds t o  th e  A m b o  g rou p . 
L a ck in g  p a leon to log ic  ev id en ce  i t  is  n e c e s s a r y  t o  r e c o g ­
n iz e , h o w e v e r , t h a t  t h e s e  r o c k s  may a s  w e ll be long  t o  
th e  P ennsylvan ian  o r  t o  th e  lo w e r  P e r m ia n ."
I t  m ust b e  em phasized  th a t  P a s a je  lies  in th e  lo w e r m o s t  p a r t
o f  th e  s lo p e s  a t  th e  V ilcabam ba C o rd ille ra . C on clu sive
ev id en ce  o f  M ississipp ian  age w a s  fo u n d  a t  A m b o , d e p a rtm e n t
o f  H uanuco (S T E I N M A N N , 1 9 3 0 , p . 2 8 ) and in d i f f e r e n t
o u t c r o p s  b e tw e e n  H uanuco and T a r m a . T h e  lith o log y  is
d e s c r ib e d  as c o n s is t in g  o f  g ra y  t o  g reen ish  sh a ly  s la t e ,
s a n d s to n e , auid c o n g lo m e r a te s . T h e s e  bed s usually  con ta in
plant f o s s i l s  and occa sion a lly  th in  bed s o f  c o a l.
T h e  m ore  com m on p lant fo s s i ls  fo u n d  a res
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1 . T h e  B ycop od ia les  o f  w hich  th e  m ost  com m on 
m em bers o f  th is  grou p  are  L ep id od en d ron , B o th r o d e n d ro n , 
and S ig illa r ia .
2 . T h e  E q u is e ta le s ; only th e  t r e e - l ik e  C a lam ites  
a re  r e p o r te d  t o  be  fou n d .
3 .  P te r id o s p e r m s ; th e s e  p lant rem ains show  a 
s tr ik in g  resem b la n ce  t o  m odern  f e r n s ;  only th e  3 p h e n o p te r is  
w a s  fo u n d .
I t  m ust b e  rem em b ered , h o w e v e r , th a t  th e  m ateria l avail­
able f o r  th is  s tu d y  is usually v e ry  in co m p le te , and co n se ­
qu ently  i t  is a m a t te r  o f  con sid erab le  d i f f ic u lty  t o  p iece  
t o g e th e r  th e  fr a g m e n ta r y  r e c o r d  and obta in  a c le a r  p ic tu re  
o f  each  and e v e r y  kind o f  plant th a t  is fou n d ' in th e  M iss is— 
sippian P e r io d . A ll ev id ence  o f  e x te rn a l fo r m s  w h ich  can 
b e  gained fr o m  th e  plant im p re ss io n s , su ch  as th e  m anner 
o f  bran ch ing , th e  n a tu re  o f  th e  fo lia g e  and th e  kind o f  s u r ­
f a c e  o rn a m e n t, m ust be con s id ered  t o g e t h e r  w ith  th e  d e ta ils  
o f  in tern a l s t r u c t u r e  obta in ed  fr o m  th in  s e c t io n  o f  fa v o ra b le  
p e t r i f i  c a t io n s .
R etu rn in g  t o  th e  p sep h ite  c h a r a c te r  o f  th e  
M ississippian ( s t r a t a  o f  N e g r illa s , i t  c o r re s p o n d s  t o  th e  
U p p er  D evon ian  o r o g e n e s is . A f t e r  th is  th e  ru gged  r e lie f  
w a s  c o v e re d  by  th e  t r a n s g r e s s iv e  s e a  and sed im en ta tion  o f
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n e r it ic  c h a r a c te r  is e x p e c te d . T h is tra n s g re ss io n  co rre sp o n d s  
t o  th e  n ea rsh ore  m arine p o r t io n .
T h e  a rea  o f  N egrillas L ak e  appears t o  b e  c r it ica l 
f o r  a c o rre la t io n  o f  U p per and Middle P a le o z o ic  s e r ie s  (s e e  
F igu re  9 ) .
F o r  th e  p sep h itic  n a tu re  and th e  o th e r  rea son s  
in d icated  a M ississippian (G rou p  A m bo) age f o r  th e  ba sic  
con g lom era te  o f  N egrillas is p o s tu la te d .
b . T arm a  G roup (P en n sy lv a n ia n ). T h e  th ick n ess  
o f  th e  lim eston e  un it in th e  th e s is  a rea  is  approxim ately  
2000 m . F o s s ils  o f  th e  U p per C a rb o n ife ro u s  t o  L o w e r  
P erm ian  a re  p r e s e n t . T h e  g r e a t  th ick n e ss  and th e  conta in ed  
fo s s i ls  p rom p ts  a subdivision o f  th is  lim eston e  sequ en ce  in to  
tw o  d i f f e r e n t  tim e g ro u p s , th e  T arm a  grou p  (P enn sylvan ia ) 
and th e  C opacabana group  (L o w e r  P e rm ia n ), in stea d  o f  
th e  C opacabana grou p  o f  U p per P a le o zo ic  age as su g g e s te d  
by so m e .
S om e a u th ors  u sed  th e  nam e C opacaban a t o  include 
both  Pennsylvanian and L o w e r  P erm ia n . T h e re  is  no genera l 
agreem en t a s  t o  th e  lim its o f  th e  C opacabana group  t o  d a te . 
In  th e  su g g e s te d  subdivision o f  th is  r e p o r t ,  th e  tw o  groups 
will be d e fin e d .
T h e  fo llow in g  is  a b r ie f  d e scr ip t io n  o f  th e  T arm a  
group w ith in  th e  th e s is  a re a . In  th e  N egrillas a rea  a pinkish 
con g lom era te  is  d ire c t ly  overlain  by a thin c o a r s e  sa n d sto n e ,
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on w h ich  in tu rn  a m assive  lim e s to n e  is  d e p o s ite d . ( F o r  fu ll 
d e ta ils  s e e  A G U I L A R ,  19 57 , P . 5 } T h e  lim e sto n e  o c c u r s  
along th e  n o r th  s id e  o f  N eg rilla s  fa u l t ,  b u t  t o  th e  e a s t  o f  
N egrilla s  L a k e , i t  is  lo c a t e d  on b o th  s id e s  o f  th e  f a u l t .
In  i t s  lo w e r m o s t  p a r t  th e  lim e s to n e  is in te rb e d d e d  
w ith  s a n d s to n e , b u t  u p w a rd s  th e  s a n d s to n e  bed s p r a c t ic a lly  
d issa p p e a r . T h is  ba sa l un it m ay re a ch  a th ick n e ss  o f  800 m . 
and t e n ta t iv e ly  is  c o n s id e re d  by  th e  w r i t e r  t o  be  t h e  T a rm a  
g rou p . T h e  s t r a t ig r a p h ic  p o s it io n , th e  lith o lo g ic  c h a r a c t e r ,  
and th e  f o s s i l  c o n t e n t  s u p p o r t  th is  c la s s i f ic a t io n .
T h e  ab ov e  lim e sto n e  o v e r lie s  t h e  c o n g lo m e r a te , 
p rev iou s ly  d e s c r ib e d  a s  belonging t o  th e  A m b o  grou p  ( M iss iss ip ­
pi a n ) . A s  n o t e d , th e  lith o lo g ic  c h a r a c t e r  o f  th is  g r o u p , a t  
le a s t  a t  i t s  -base , c o n s is t s  o f  c o a r s e  s a n d s to n e , m ainly 
com p osed  o f  rou n d ed  gra in s o f  c le a r  q u a r tz  and d e s ig n a te d  
as c o n g lo m e ra t ic  s a n d s to n e . A s  th e  s a n d s to n e  in c r e a s e s  in 
th ick n e ss  t o w a r d  th e  s o u th  and s o u th e a s t  o f  L a k e  N e g r illa s , 
th e  s a n d s to n e  g ra in s  b e co m e  f in e r .  C r o s s —bedded  s a n d s to n e  
is  usually  p r e s e n t  a t  th e  b a se  o f  th e  in te rb e d d e d  s a n d s t o n e -  
lim eston e  la y e r s .
N E W E L L  (1 9 5 3 , p .  1 3 } p o in ts  o u ts
“ I n  g en era l th e  t e x t u r e s  o f  th e  P enn sy lvan ian  r o c k s ,  
a r e  f in e r  th a n  t h o s e  o f  M iss iss ip p ian . C o n g lo m e ra te s  
a r e  u n com m on ; su ch  p e b b le s  a s  h ave been  o b s e r v e d  a re  
v e r y  sm all and a re  co m p o se d  o f  lo ca l in tr a fo rm a t io n a l
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F ig u re  8 . V iew  o f  th e  C alderon  a r e a , con s istin g  o f  th e  
t o p  o f  th e  C opacabana grou p . T h e  to p o g ra p h ic  s y s te m  o f  
gullies t o  th e  r ig h t  fo l lo w s  th e  C alderon  fa u lt .  Im m edia tely  
fo llow in g  t o  th e  l e f t  is th e  sk arn  m ass w ith  a cu te ly  in te r ­
s e c t in g  f e a t u r e s .  T h e  skarn  a lte ra t io n  d e c r e a s e s  to w a rd  
th e  c l i f f  on th e  l e f t .
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m a teria ls . H en ce , i t  is concluded th a t  th e  m arine 
tra n s g re ss io n  o f  Middle Pennsylvanian tim e fou n d  the 
w e s te r n  p a rt  o f  th e  con tin en t re la tive ly  lo w .
C H R O N IC 'S  s tu d ie s , P a r t  I I ,  o f  th is  r e p o r t ,  revea l 
c lo se  a f f in it ie s  b e tw e e n  th e  T arm a  fa u n a s  and th o se  
o f  th e  Pennsylvanian o f  th e  Middle A m azon  in B razil 
d e scr ib e d  by D erb y  (1 874 ) . ,r
BO W M AN  (1 916 , p . 322) probably  w a s  th e  f i r s t  t o  
su g g e s t  th a t  th e s e  ro ck s  o f  th e  V ilcabam ba a rea  m ight belong 
t o  th e  P ennsylvanian .
T he n e a re s t  T arm a group  o c cu r r e n c e  t o  th e  n o rth  is 
a t  P a s a je , about 100 km . NW o f  V ilcabam ba. N E W E L L  
(1 9 5 3 , p . 3 0 } d e scr ib e s  i t  as con cord a n t and w ith ou t evidence 
o f  a h iatus on A m bo group  b e d s . H e te n ta t iv e ly  e s t im a te s  
th e  th ick n ess  a t  2000 m. (6 ,8 8 2  f e e t ) .  N E W E L L  e t  al_
(1 9 5 3 , P. 46) d e scr ib e s  th e  P a sa je  o u tc ro p s  as fo l lo w s ?
" P A S A J E  ( lo c .  3 0 0 ) :  fe w  s ilic ified  fra g m e n ta ry
b ry ozoa n s  and fusulin ids w e r e  r e co v e r e d  fr o m  th e  lo w e r  
beds o f  th is  s e c t io n . T h e  fusu lin ids su g g e s t  th a t  th e s e  
s t r a t a  a re  o f  e a r lie s t  middle Pennsylvanian a g e . T h e 
exce llen tly  p re se rv e d  bryozoan  fr a g m e n ts  bea r  c lo s e s t  
a f f in it ie s  w ith  sp e c ie s  d e scr ib e d  by M oore  fr o m  upper 
Pennsylvanian s t r a t a  o f  n o r th  T e x a s . L o w e r  and 
Middle Pennsylvanian B ry o z o a  o f  N o r th  A m e r ica , h o w e v e r , 
a re  p oorly  know n, s o  c lose  com p arison  can n ot be m a d e ."
A t  T a rm a , th e  ty p e  lo ca lity , th e  th ick n ess  re a ch e s  300 m .
(980 f e e t ) .  D U N B A R  and N E W E L L  (1 9 4 6 , p . 385 ) d escr ib ed
and defin ed  a t  T arm a a Middle Pennsylvanian (M o sco v ia n -D e s
M oines) fa u n a . Guide fo s s i ls  fr o m  th e s e  beds include
N eospirifer^  c f . ca m e ra tu g , C h a te te s  sp . , and Fusulinella
peruana (M E Y E R ) .
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F R IC K E R  (i9 6 0 , p. 61} points ou t:
"P en n sy lvan ian (? )  -  Permian. -  :  th e  probably L o w e r  
D evonian s c h is t s  and q u a rtz ite  in th e  n o rth  o f  C h u cu ito - 
P a s s  (3 km S E  o f  N egrillas) a re  d ire c t ly  overlain by  
th e  C opacabana G rou p . A t  N egrillas , sou th  o f  V ilcabam ba, 
th is  T arm a  sequ en ce  s t a r t s  w ith  a con g lom era te  w hich 
con ta in s mainly q u a rtz ite  com p on en ts . A t  S ou th  T in c o s , 
h o w e v e r , th e  basal p a rt  c o n s is ts  o f  thin dark shale mainly 
fo llo w e d  by reddish slightly  sandy co a r s e  grained lim eston e . 
A t  th e  middle and upper lo ca lity  fusu line lim estone and 
predom inantly dark gray p a rt ly  dolom itic echinoderm al 
lim eston e are  5 t o  10 cm . th ick , w ith  c h e r t .  T he C op ­
acabana group rea ch es  a th ick n ess  o f  m ore than 1500 m . 
sou th  o f  V ilcabam ba which o c cu rs  in n o r th e a s t  d ire c t io n , 
w h ere  t o g e th e r  w ith  d e c re a s e  in th ick n ess  shale co n te n t  
in c r e a s e ."
In  an oth er paragraph he s t a t e s :
"F r o m  th e  com parison  w ith  o th e r  lo ca lities  it  seem s 
likely th a t  th e  basal p ortion  o f  th is  sequ en ce  still belongs 
t o  th e  Pennsylvanian , th e  m ajor p ortion  h ow ev er  is 
L o w e r  P e rm ia n ."
F o s s il r e fe r e n c e s  include th a t  o f  BOW M AN (19CL6, 
p . 322) w ho poin ts o u t :
"A ll o f  th e  U pper C a rb on ife rou s  lo t s  o f  fo s s ils  
r e p r e s e n t  th e  w ell known S ou th  A m erican  fauna f i r s t  
noted, by D 'O R B IG N Y  in 182+2, and la te r  added by 
O R V I L L E  D E R B Y . T h e  tim e re p re se n te d  is the 
equivalent o f  th e  Pennsylvanian in N o r th  A m e r ic a ."
He gives th e  fo llow in g  lis t  o f  fo s s i ls  (w hich  is o f  cou rse  n ot 
w ell arranged  accord in g  t o  m odern s ta n d a r d s ) :
P am paconas (P am p a con as V alley  near V ilcabam ba)
Lophophyllum
R h om b op ora , e t c .
P ro d u c tu s
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C am aroph oria  (com m on )
S p ir i fe r  con d or  D 'O R B IG N Y  
H u sted ia  m orm oni (M arcon )
Euom phalus (L a r g e  fo r m )
M o st o f  t h e s e  f o s s i l s  belong t o  L o w e r  P erm ian  in N E W E L L 'S  
(1953 ) U p p er  P a le o z o ic  s tu d y . H o w e v e r , th e  N egrillas 
lo ca tion  t o  w hich  te n ta t iv e ly  X have assign ed  a Pennsylvanian 
a g e , lies  s o u th e a s t  o f  th is , a rea  and u n fo r tu n a te ly  no faunal 
s tu d y  has been  m ade.
F R I C K E R  (1 9 6 1 , p . 61 ) c o lle c te d  a t  T in c o c  n ea r  
V ilcabam ba th e  fo llow in g  fo s s i ls r
E ch inoderm  fr a g m e n ts  
H u sted ia  s p .
L ic ty o c lo s t u s
L u rin g  p ro sp e c tin g  f o r  ra d io a ctiv e  m inerals s e v e ra l 
f o s s i l s  w e r e  c o lle c te d  fr o m  th e  middle p o r t io n  o f  th e  lim eston e . 
F ro m  th e s e  tw o  s p e c ie s  w e r e  id en tified  by  M iss R O S A L I N E  
R I V E R A  (1 9 5 7 , P. 15) t L in op rod u ctu s  c o r a  d' O R B * and 
H u sted ia  m eridionales C H R O N IC  e t  al.
A cco rd in g  t o  N E W E L L  (1 953 , P . 89 ) th e  f i r s t  one 
belongs e ith e r  t o  th e  Pennsylvanian o r  P erm ia n , w hile th e  
se co n d  one has been  fou n d  only in th e  L o w e r  P erm ia n .
A  s e c t io n  o f  U p p er  P a le o z o ic  r o c k s  w a s  stu d ied  near 
Munani, n o r th  o f  L ak e  T it ic a c a . T h is  seq u en ce  o f  s e v e ra l
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thousand f e e t  o f  dark gray shales and in terbedded  lim estone 
w a s  supposed by D U N B A R  and N E W E L L  t o  re p re se n t  a 
higher p a rt  o f  th e  P erm ian . A ctu a lly  N E W E L L  and C H R O N IC  
fou n d  th a t  it  con ta in s Middle Pennsylvanian fo s s i ls .
T he fo llow in g  fo s s ils  a.ppear t o  be especially dia­
g n o st ic  as in d ica tors  o f  Middle Pennsylvania?
P rofusu linella  spp . Cinclidonem a sp .
Pusulinella sp p . P seu d op a ra leg ocera s  Peruvian
N e o s p ir ife r  cam era tu s C h a e te te s  sp .
S p ir ife r  a f f .  S .  opimus Rhipidomella penniana
A  com prehensive s tu d y  o f  Pennsylvanian and Perm ian 
marine faunas has n o t  been undertaken and should be highly 
recom m ended .
c .  C opacabana G roup (U p p er ( ? )  Pennsylvanian -
L o w e r  Perm ian) D e fin it ion . T he name C op a ca ­
bana G roup w a s  in trodu ced  in 1936 by L A  R O S A  and 
P E T E R S E N . T h e ty p e  lo ca lity  is th e  C opacabana peninsula 
in th e  Lake T it ic a c a . Originally th e  name C opacabana G roup 
w a s  applied t o  th e  upper p ortion  o f  th e  lim eston e s e c t io n  a t  
th e  s t r a i t  o f  Tiquina, and R e c re o  G roup f o r  th e  low er  p a r t , 
w hich w as judged by them  t o  be L o w e r  C a rb o n ife ro u s .
M ore re ce n tly , N E W E L L  (1953} has d em on stra ted  
th a t  th e  en tire  s t r a t a  belongs t o  L o w e r  P erm ian , and has 
p rop osed  th e  te rm  o f  C opacabana, as a name f o r  th e  w hole
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F ig u re  9# P a r t ia l view o f  N egrillas L ake show ing prom inent 
lim eston e  units o f  Pennsylvanian and L o w e r  P erm ian  age
(looking e a s t ) .  F lev a tion  above se a  lev e l; 4 ,0 0 0  m
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F ig u re  10* V iew  o f  th e  upper p ortion  o f  th e  V ilcabam ba 
a re a . T h e  hill in th e  fo re g ro u n d  is called Huam onapi. T he 
length  o f  th e  en tire  panoram ic c r e s t  is abou t 2 km .
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seq u en ce . T h e  fo llow in g  d efin ition  is given f o r  th e  C opacabana 
G roup t
,rT h e  m ost im p orta n t division o f  th e  U pper P a leozo ic  
in B olivia and P e ru  belongs mainly to  th e  L o w e r  Perm ian 
W olfcam pian s e r ie s .  D U N B A R  and N E W E L L  (1946 , 
p . 3 9 4 -3 9 5 ) re ce n tly  have defin ed  and d escrib ed  th e  
C opacabana group  as em bracing th e  lo w e r  P erm ian beds 
o f  th e  C en tra l A ndes in Bolivia and P e r u . ”
H o w e v e r , th is  defin ition  is som ew h at m odified  in th e ir  n ex t
p aragraph .
"C op acaban a  G roup em braces  th e  en tire  upper 
P a le o zo ic  sequ en ce  above th e  D evonian .* '
H en ce  th ey  p rop ose  t o  lim it th e  te rm  C opacabana 
G roup t o  th e  marine s e c t io n , mainly lim e sto n e , b e tw e e n  th e  
lo w e r , coa l-b ea r in g  Am bo sh a les , and san d ston e  and th e  
upper red  Tiquina san d ston e  c la ssed  w ith  th e  M itu grou p .
T h is d e fin ition  should involve C a rb o n ife ro u s  t o  D ow er  P erm ian .
Xn th is  s tu d y , th e  au th or p rop oses  t o  r e s t r i c t  te rm  
C opacabana G roup t o  th e  L o w e r  P erm ian .
T h e C opacabana group in th e  area  o f  V ilcabam ba is 
ch a ra c te r ize d  by th e  predom inance o f  m assive lim eston e and 
minor am ounts o f  san d ston e  b e d s . T he basal p ortion  near 
th e  P a co p a ta  cam p (s e e  geolog ica l map in A ppendix) is  lim e­
s to n e , v e ry  s ilic ifie d , w ith  occasion a l thin beds o f  s i lt s to n e . 
T he fo s s i ls  here  a re  m ostly  w ell p re se rv e d  b rach ip od s . T he 
upper p a r t  o f  th e  lim eston e , lo ca te d  to w a rd  th e  n o rth  flank 
o f  th e  C e r r o  Huamanapi, has been  s tro n g ly  a lte re d , w ith  th e
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developm ent o f  g a rn e t , ep id o te , h e m a tite , i . e . ,  a sk a rn -ty p e  
zon e . T h e grade o f  m etam orphism  conspicuously  in cre a se s  
c lo s e r  t o  th e  igneous bod y . B eyond a ce rta in  line no lim eston e 
is fo u n d , in s te a d , only e p id o te , g a rn et  and iron  oxides a re  
p r e s e n t .
A pp rox im ate ly  in th e  c e n te r  o f  th e  lo w e r  lim eston e , 
c h e r ty  lim eston e  beds a re  a lm ost parallel t o  th e  main uranium ­
bearing o u tc ro p  (Sam M a rco s , T r in ch e ra , E s p e r a n z a ) .
T he fo s s i ls  c h a r a c te r is t ic  o f  th e  C opacabana group have 
been  m entioned in th e  p receed in g  c h a p te r . T h e se  leave no 
qu estion  in reg a rd s  t o  th e  age o f  th e  enclosing r o c k s . T h e  
th ick n ess  o f  th e  C opacabana G roup is about 800 m . T h is  
group  rea p p ea rs  as iso la ted  ou tlie rs  a t  P am paconas and 
P u cy u ra , b o th  w ithin a radius o f  4 km . fr o m  th e  V ilcabam ba. 
village.
I t  has been  previou sly  s ta te d  th a t  BOW M AN  (1916) w a s  
th e  pioneer s tr a t ig ra p h e r  and g eograp h er in th is  a re a . H e 
u sed  th e  name U p per C a rb o n ife ro u s  only. D ealing w ith  th is  
g rou p , he poin ted  o u t :
" B o t h  th e  enorm ous th ick n ess  o f  th e  C a rb o n ife ro u s  
lim eston e  s e r ie s  (th e  la rg e s t  p a r t  o f  th e s e  s t r a t a  now 
is  con sid ered  P erm ian ) and th e  absen ce  o f  c la s t ic  m em bers 
o v e r  g r e a t  a reas  in th e  upper p ortion  o f  th is  s e r ie s  
p ro v e s  th e  w id espread  e x te n t  o f  C a rb o n ife ro u s  se a s  
and th e ir  fo r m e r  o c cu rr e n c e  in la rge  in terlim eston e  
t r a c t s  fr o m  w hich th ey  have s in ce  been  e r o d e d ."
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T h e w ide d istr ib u tion  o f  th e  C opacabana lim e sto n e , t o g e th e r  
w ith , th e  u n ifo rm ity  o f  th e  fo s s i l  fau n a  s u g g e s t  th a t  th e  s e a  
exten d ed  en tire ly  a c r o s s  th e  A n d es reg ion  (s e e  P E T E R S O N , 
Map P ig . 5 ) .  N e v e r th e le s s , th e y  appear som ew h a t m on oton ­
ous and th u s point t o  a shallow  w a t e r  s e a  en v iron m en t.
N o r th w e s t  o f  V ilcabam ba, o c c u r r e n c e s  o f  th e  C opacabana 
G roup  have been d e scr ib e d  in various p la ce s . N ea r  th e  
A pu rim ac V alley  an exp osu re  o f  th e  C opacabana G rou p  is 
fou n d  on C e r r o  P ic ch u , 35 km . w e s t - n o r t h - w e s t  o f  A b a n ca y , 
w h ere  th e  lim eston e  s e r ie s  is  abou t 830 m . th ic k . A t  P a s a je , 
37 km . n o r th w e s t  o f  A b a n ca y , below  th e  m assive lim eston e  
o f  th e  C opacabana G rou p , s e v e ra l thousand  f e e t  o f  re la tive ly  
u n fo s s ili fe ro u s  b lack  shales and in terb ed d ed  thin  lim eston e  
a re  assign ed  t o  th e  T arm a  g rou p . A t  H uanta probably  th e  
m o st  abundantly f  o s s ilif  e rou s  P erm ian  s e c t io n  is ex p osed . 
B ra ch io p o d s , b ry o z o a n s , and fu su lin es o f  con sid erab le  abundance 
o c c u r  a t  innum erable h o r iz o n s , and co ra ls  and la rge  g a s tro p o d a  
a re  fou n d  sparingly  a t  many h o r iz o n s .
S o u th e a s t  o f  V ilcabam ba o c c u r r e n c e s  o f  th e  C opacabana 
G rou p  have been  re co r d e d  in o th e r  lo c a lit ie s . In  V ilca n o ta  
V a lley , ex p o su re s  o f  th e  C opacabana group  and overly ing 
M itu vo lcan ics  and red  beds o c c u r  in te rm itte n t ly  in th e  canyon 
w alls o f  th e  V ilca n ota  r iv e r  fr o m  i t s  s o u r c e  in th e  m a ss if o f  
th e  Nudo de Vileam ota d ow n strea m  t o  O lla n ta y ta m b o , a d is ta n ce
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o f  200 km (N E W E L L , 1953 > p . 1 5 ) .  In  f a c t ,  o u tc ro p s  o f  
U p p er  P a leozo ic  have been m easured a t  C e r r o  P irh u a te  b e tw e e n  
S icuan i and U r c o s ,  a t  San S a lvador abou t 20 km . n o r th e a s t  o f  
C u z c o , and a t  th e  s t r a i t  o f  T iqu ina. T h e  m o s t  exhaustive 
w o rk  s o h r ,  in reg a rd s  t o  th e  L o w e r  P erm ian  in P e r u , is 
th e  s tu d y  on fu su lin es by N E W E L L , C H R O N IC  and R O B E R T S  
(1 9 5 3 ) in th e ir  book  on th e  U p per P a le o z o ic  o f  P e r u .
d . M itu G roup Middle P erm ian  ( ? ) . A  th ick  s e r ie s  
o f  vo lcan ic r o c k s , red  a rk os ic  s a n d s to n e , c o a r s e  e la st ic s  and 
m inor am ounts o f  shales r e s t s  u n con form a bly  on th e  C opacabana 
G rou p  (s e e  F ig u res
T h e  red  t o  b row n  volcan ic s e r ie s  occu p ies  a d e fin ite  
b e lt  o f  a t  le a s t  5 km in len g th , cov erin g  a continuous area  
b e tw e e n  T in co c  t o  M inasm ayo. T h e  te rm  "v o lca n ic  r o c k s "  is 
u sed  in a broad  s e n s e . F ield  cond itions s u g g e s t  th a t  both  
e x tru s iv e  and in tru siv e  c h a r a c te r is t ic s  a re  p r e s e n t  a t  various 
lo c a lit ie s . B o th  in C e r r o  San C r ito b a l and M inasm ayo th e s e  
volcan ics  appear t o  be  capping th e  C opacabana lim eston e  fo r m a ­
t io n . H o w e v e r , a t  C alderon  lagoon a rk os ic  sa n d sto n e s  o f  
probably  early  C opacabana age appear t o  be u p lifte d  by  th is 
s e r ie s  o f  red  "v o lc a n ic s " .  T his fo rm a tio n  is o f  variable th ick ­
n e s s .
T h e  volcan ic sequ en ce  is prom inently  exp osed  a t C e r ro  
C h o ja n tirca , C e r ro  San C r is to b a l and C e r r o  S im a coch a , w h e re
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i t  rea ch es  it s  g r e a t e s t  th ickn ess  and e x te n t . T o  th e  n o r th ­
w e s t ,  th e  volcan ic s e r ie s  d e c re a s e s  both  t o  th e  n orth  and 
s o u th . A t  Minasmayo- only a n a rrow  be lt  o f  volcan ics is 
p r e s e n t . T h e  c la s t ic  sed im en ts in crea se  to w a rd s  the n o r th w e s t . 
In m ost o f  th e  o u tcro p s  o f  th e  a rea  the volcan ic ro ck s  appear 
t o  cap th e  lim eston e  and it s  proxim ity  is n o te d  by an in crea se  
o f  F e -M g  m inerals, v ery  conspicuously  b e tw e e n  C e rro  
T em bladera  and th e  ravine o f  C a lderon . T h e th ickn ess a t 
C h ojan tirca  o r  San C ristob a l reach es  probably 500 m. R ed  
san d ston es  and co a rse  e la st ics  o u tc ro p  a t  Minasmayo and 
C ollpa, although th e  th ickn ess  d oes  n o t  m atch  th a t  o f  the 
volcan ic s e r ie s .  A g g lom era tes  a re  developed in th e  sou th  o f  
th e  L agoon  o f  M inasmayo but only in local s p o ts  (s e e  geolog ic 
map) . T h e developm ent o f  th is  agg lom era te  may be a fu n ction  
o f  th e  loca l r e lie f  o f  th e  s u r fa c e ,  thus being w ell-d eve lop ed  
in th e  low  areas o f  a rugged top og ra p h y . M ost o f  th e  com pon­
en ts  are  w ea th ered  pebbles o f  th e  porph yric  cou n try  r o c k s .
T he age o f  th e  red  sh a ley -sa n d ston e  in th e  n o r th w e s t  o f  
Minasmayo has n o t  been quite esta b lish ed  h o w e v e r , te n ta t iv e ly , 
th ey  are  assigned t o  M itu ag e . In  th e  a rea  surrounding th e  
Collpa pass red san d ston e  o f  M itu age is  w id esp read .
F R I C K E R  ( i9 6 0 , p 0 62) d iscu sse s  th e  th ickn ess  and 
varia tion  o f  th is gradational M itu group , a t  V ilcabam ba and
poin ts o u t :
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"O n th e  basis o f  sev era l fo s s i l  d iscoveries  th e  
Middle Perm ian age o f  th e  w idespread  group o f  beds 
could be proved  by them  (H A R R IS O N , 1943; D U N B A R  
and N E W E L L , 19 46 ).
Within th e  reach  o f  our area  o f  w ork  th e  M itu - 
group is v ery  typically exem plified near V ilcabam ba.
A s m entioned b e fo r e  it  fo llo w s  th e  Copacabana Lim e­
s to n e . In th e  low er  p a rt  red m arls and shales p r e -  
dom inante. Then h ow ev er , red  san dston e and b reccia s  
also fo l lo w . V olcanic ro ck s  fu r th e r  play an im portant 
ro le ; thus th e  sedim ents sou th  o f  V ilcabam ba a re  cu t 
by eruptive r o ck s . U nder, th e  m icroscop e  m elaphyre* 
is seen , which o ccu rs  so u th w e st  o f  T in co c , and quartz 
prophyry fr o m  the surroundings o f  the village o f  V il­
cabamba can  also be recogn ized . T h a t th e se  acid to  
basic eruption s w e re  contem poraneous w ith  th e  deposi­
tion  o f  the sed im en ts, is indicated by th e  com position  
o f  the com ponents o f  th e  con glom erates and b re c c ia s , 
which contain  also volcanic m ateria l. T h e zone o f  
eruptive r o ck s  sou th  o f  V ilcabam ba has only a limited 
e x te n t ; in th e  so u th w e s t  o f  th is  village corresponding 
o u tcro p s  a re  lacking.
A s  th is  descrip tion  sh o w s , th e  M itu -group  exhibits 
a rem arkable sim ilarity w ith  th e  V erru ca n o  o f  the 
A lp s . T he th ickness o f  th is  s e c t io n  o f  s t r a t a  amounts 
t o  severa l m eters  in th e  valley o f  V ilcabam ba; u n fo r t ­
unately , th e  n orth ern  limit could n ot be determ ined 
p recise ly  due t o  a lack o f  tim e.
W est o f  V ilcabam ba th e re  is a thin horizon  o f  gravel 
which contains well p reserv ed  brach iop od s. T h ey  w ere  
determ ined to  be M argin itera Capaci D *O R B IG N Y  
(com pare N E W E L L , 1 9 5 3 ). S in ce  th e  Mitu s t r a t a  
developed fr o m  the low er  Perm ian Copacabana lim eston es, 
th is s e r ie s  may have originated  in th e  Middle P erm ian . 
N E W E L L , C H R O N IC  and R O B E R T S  pointed out in 
1 9 5 3 ."
T he name Mitu w as applied t o  th e  red san dston es 
and conglom erates a t  C e rro  de P a s co  by M cLaughlin in 1924 
(p . 600) and th e  term  Yauli w as applied by him f o r  a volcanic 
phase o f  th e  M itu beds near T a rm a 0 N E W E L L  e t .  al.
(1953» p . 18) recom m ends th a t  o f  th e  various te rm s  applied
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F igu re  11. T he S -W , N egrillas fa u lt ,  w hich extends 
c learly  3 k ilo m e te rs . T h e fa u lt  a t  th e  lim eston e p ortion  
sh ow ed  w eak  rad ioactive  a n om a lies .
6i+
to this Permian red bed succession, the name Mitu should 
be adopted mainly because of its long established use in 
Central Peru.
The nearest outcrop of the Mitu Group is located 
in the area of Salcantay where it extends at least over a 
distance of 50 km. I t  also outcrops at Vilcanota, S E  of 
Vilcabamba, over a length of 100 km. from the Nudo de 
Vilcanota to Ollantaytambo (N E W E L L , 1953, p. 19) • This 
group is very widespread throughout North and South Peru 
and everywhere rest unconformably on the underlying stra ta .
K A T Z  (1959, P. L6) , dealing with the Permian,
stated :
!,A  second period of orogenic movements follows 
after the Middle-Permian, when Young Variscan 
diastrophism created the Gondwanides; these extend 
from the Argentina through Bolivia into Peru. Xn 
a detailed section it is diown how the Permian sea 
ended in a regressive phase, its marine deposits, 
although still rich in fossils, suddenly mixed with red 
material apparently derived from nearby terrestrial 
sources. Coarse red elastics unconf ormably overlie 
the Permocarboniferous limestone and shales at a 
regional scale; the thick synorogenic deposits are 
associated with rhyolitic and andesitic effusives.
For the Perm o-Trassic Period, great erosion thus 
is ascertained, and the thick sandstone series which 
trends along the northeastern Andean slope uncon- 
formably, covers' the Lower Paleozoic which is 
correlated with this period. I t  seems to be the 
northwestward extension at known Gondwana deposits 
in Bolivia. K
The Mitu group at Vilcabamba is closely similar to these units
described by K A T Z
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B. IGNEOUS ROCKS 
1. Introduction
T h e ro ck  sam ples f o r  th is stu d y  w e r e  co lle c te d  in 
d i f fe r e n t  loca tion s  which a re  all w arked  in th e  geolog ical map, 
e x c e p t  f o r  num bers 2 - a  and 2 - B .  T h ese  tw o  sam ples w e re  
co lle c te d  in th e  M achupiochu ba th o lith , th e  main gran itic  
ba th olith  n ear th e  th es is  a re a , and a t  th e  sam e tim e th e  
la rg e r  gran ite  batholith  in S E -P e r u .
The rocks number M-4, M-5 and M-6 belong to the 
volcanic rocks of Mitu age. Those numbered M-l and M-2 
come from the small plugs and the number M-3 and M-l6 from 
the dikes. Under the microscope M-l, M-2 and M-3 showed 
to belong to a similar rock*type with gradational changes of 
composition. The sample number a - 15 belongs also to a small 
plug near Andrianita prospect. Rock C-7 is a portion of the 
skarn rock in the Calderon fracture zone (lower part) and the 
rock number C-9 belongs to the actual skarn zone in Calderon.
Chem ical analyses have been  made f o r  th e  fo llow in g  
six  r o ck  sam plest 2 - A ,  2 - B ,  A - 1 5 , M - l ,  M -2 and M—3 .
F o r  th e  purpose o f  com parison  all o th e r  ro ck  analyses 
available fr o m  P erm ian ro ck s  w e re  co lle c te d  and e n te re d  in to  
th e  sta n d ard  diagram s used  by m ost E uropean p e tro lo g is t  
(s o -c a lle d  N IG G L I  d ia g ra m s). In  th is  com p arison , th e  rock s  
o f  th e  p re s e n t  p re se n t  th e s is  w e re  re -n u m b ered . T he new
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num bers sim ply co rre sp o n d  t o  th e  chronolog ica l sequ en ce  o f  
r o ck  analyses fr o m  P e r u . F o r  th e  lo ca tion  o f  th e  i+7 rock s  
analyzed p rev iou sly  se e  th e  r e s p e c t iv e  papers given in th e  
E ib liograp h y . A n a lyses  1 t o  36 w e r e  p rev iou sly  d iscu ssed  and 
sum m arized by G . C . A M S T U T S  ( i 9 6 0 ) .
The six new rock analyses fo r this paper were 
prepared by L>r. MaxWEIBEL of the Geochemical Laboratory 
of the Swiss Federal Institute of Technology in Zurich, 
Switzerland. The author wishes to acknowledge the coopera­
tion of Dr. Weibel at this time.
2 . Individual Sam ples
On th e  fo llow in g  pages th e  individual sam ples are  d e s ­
cribed  in d e ta il. T yp ica l and specia l fe a tu r e s  a re  show n on
p h otograp h s
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Location: Machupichu, Cuzco, Peru
Megascopic Character: Coarse grained light rock with occasional
dikes and zones o f 2 -B ,
Microscopic Character:
I .  Main Constituents:
K -Feldspar ( b 5 % } t  Microcline perthite, combined earls- 
badalbite twins in coarse grains, containing small 
inclusions of altered plagioclase. Partly altered 
to clay minerals.
Plagioclases ( 2 0 % } :  Oligoclase-albite subhedral
grains, some o f  them are enclosed poikili tic ally in 
the feldspar; partly altered to sericite and 
saussurite ( ? ) .
Quartz (25%)  f - -^mhedral and interstitial to  feldspar; 
sometimes distorted and broken, ondulatory extinc­
tion.
Biotite ( 8 % ) :  Brown, birds eye extinction, intergrowth  
with, and overgrowth of muscovite,
I I .  Accessories (2%):  Pyroxene, chlorite, zircon, apatite,
magnetite, epidote, tourmaline.
I I I .  Rock name: Granite to granodiorite.
S p e c im e n  n u m b e r : - 2 - ^  (1+8)
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C oca tion r  M achupichu, C u zco , P e r u .
M egascop ic  ch a ra c te rs  Medium grained m assive ro ck  in the
b io t ite  and hornblende in a w h ite  m atrix  
o f  p lagioclase and q u a rtz .
M icroscop ic  ch a ra c te rs
I .  Main co n s titu e n ts  s
F lag ioclases  (6 0 # )s  Subhedral t o  euhedral zoned 
c ry s ta ls  o f  a n d esin e -o lig ocla se , norm al zoning, 
s e le c t iv e  a lte ra tion  has a cce n tu a te d  th is  zoning; 
som etim es th e s e  zoned fe ld sp a r  o c c u r  in peculiar 
c ru c ifo rm  tw in s .
U u artz  {11%) s A nh edral, in te r s t it ia l t o  fe ld s p a r ;
inclusions a re  abundant, p a rticu larly  o f  amphiboles 
( eu h ed ra l).
B io t it e  (15%):  C onta ins many in clusions, particu larly  
o f  th e  a c c e s s o r y  m inerals such as  a p a tite  ana 
z ir co n . B io t ite  in p laces appears t o  rep lace  
hornblende.
H ornblende {6%) r P leoch ro ism  green ish  b row n .
X I. A c c e s s o r ie s  (2%):  sph ene, ch lo r ite , a p a t ite , m agn etite .
TSock nam et u u a r tz  d io r ite .
Specimen numbers 2 -B  (49)
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F ig u re  1 2 . Dike on th e  upper p a r t  o f  "S a n  M a rco s "  
p r o s p e c t ,  Huamanopi zon e . T h e  dike s t r ik e  n o rth e r ly  and 
dip a lm ost v e r t ica l w ith  ten d en cy  t o  th e  w e s t .  T h ickn ess 
abou t 3 m . A t  th e  b o tto m  p a rtia l c l i f f  o f  th e  Huamanopi
hills «
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Locations Huamanapi, 200 m. w est from  Facopata camp, 
Vilcabamba d istrict, Cuzco Departm ent, Peru,
Megascopic characters: A  fine-grained, blackish gray rock.
Abundant biotite is inside.
Microscopic characters 
I .  Phenocrystss
Biotite (15$) r Euhedral form s with the faces (001) 
and (0 1 0 ), yellow-brown to  reddish brown pleo- 
chroism; size of grains 1 . to 2. mm. (in the 
handspecimen up 2+ m m .); unaltered.
Augite ( 5 %) :  Irregular fo rm s, light green, weak 
pleochroism and characteristic cleavage. Some 
crystals altered to  chlorite and other to a mixture 
o f chlorite-serpentine-talc.
I I .  Matrix (75%) f Consists of extremely small indistinct 
grains of probable plagioclase, biotite, pyroxene, 
epidote, chlorite, and some accessory minerals.
I I I .  "Bubbles” [ 5 % ) t  Bubbles of calcite up 3 . mm. in size , 
surrounded or bordered by chlorite and talc (? ) , 
in these cases containing opaque grains. Opaques 
disseminated through groundmass. Some vesicules 
display a peculiar idiomorphic shape, but are filled *
*The fir s t  number refers to the hand specimen; the one in 
parenthesis to  the rock analysis; not all specimens were analyzed 
chemically.
S a m p le  n u m b e rs  M - l  ( 5 1 ) *
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w ith  cal c i t e ,  t a lc  and no op a q u es . Xt is q u estion ­
able w h e th e r  th e s e  opaques r e p r e s e n t  highly- 
a lte re d  early  olivine.
I V .  R o ck  N am e: T ra ch y a n d e s ite
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Figure 13a. Sample 51 ( M - l ) .  Augite (high relief)' partly- 
inclosed in biotite. 5 0 X , plain light.
Figure 13b. Sample 51 ( M - l ) .  Calcite of probable foreign 
origin abundant. Euhedral biotite includes groundmass. 5 0 X ,
plain light.
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L oca tion s  C e r ro  Y un qu iyoc, 300 m . NW fr o m  P a co p a ta  cam p, 
V ilcabam ba d is t r ic t ,  C u z co , P e r u .
M egascop ic  c h a r a c te rs s  F in e -g ra in ed , green ish  fe ls ic  r o ck  w ith  
d issem in ated  grains o f  p y r ite .
M icroscop ic  ch a ra c te rs
X. P h e n o cr y s ts s  P lag ioclase  (6 0 $ )s  B y to w n ite  (75 a u ) ;  
euhedral t o  sudhedral; show ing lit t le  a lte ra t io n ; 
grain s ize  predom inantly u n iform  (a b ou t .4  t o  .8  mm. 
in len gth ) .
X I. M atrix  (3 0$ ) s F ine s ilt -lik e  ground m ass probably 
com p osed  o f  p lag ioclase , ep id ote  ( ? ) ,  ch lo r ite .
I I I .  A c c e s s o r ie s  (4 $ )*  O paques (p y r it e ? )  e ith er  as iso la ted  
o r  c lu s te re d  gra in s.
I V .  "B u b b les”  (6 $ ) :  C a lc ite , ( o r  d o lom ite ) som etim es 
a sso c ia te d  w ith  g a rn e t , ep id o te , ch lo r ite , t a lc ,  
p y r ite  ( ? ) .  N otes  th is  r o ck  has t r a n s e c te d  
lim estone and probable picked up calcium f o r  
ga rn et and ca lc ite .
V .  R o ck  names L am psoph yre
Sample numbers M -2  (52)
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P e r u .
M egascop ic  c h a r a c t e r s :  G reen ish  g ra y , fin e -g ra in e d  ro ck .
A bundant b io t ite  s c a t t e r e d  th rou gh ou t th e  groun dm ass. 
V e in le ts  o f  ca lc ite  o f  probable  fo r e ig n  orig in .
M icro sco p ic  c h a r a c t e r :
I .  Main m a ss :
P lagioclase (7 0 $ ) :  A lb ite  (16  A n ) contains hom o­
genously d istrib u ted  cloudy a lte ra tio n  p r o d u c ts ; 
grouped c lu ste r -lik e  ( "a r b o r e s c e n t  f a b r i c " ) ,  
grain s ize  up 0 .8  mm.
B io t ite  (1 5 $ ) t E uhedral f o r m s :  s ize  up t o  1 .5  
mm. P le o ch ro ic  ranging f r o m  light t o  dark 
b ro w n ; occasion a lly  in te rg ro w n  w ith  opaque 
g ra in s .
A u g ite  (8 $ ) :  W eak p leoch roism  fro m  co lo r le ss  
t o  w eek ly  g reen ish ; anhedral shape bu t typ ica l 
c lea v a g e , r a th e r  s c a t t e r e d  in th e  s e c t io n .
O paques ( 2 $ ) :  G rains a lm ost all abou t th e  sam e 
s ize  (50 m ic r o n s ) ; shape o f t e n  sq u a re , but 
a lso irreg u la r .
I I .  P a t c h e s , "b u b b les"  (5 $ ) t  C a lc ite  up 1 .2  m m ., ch lor ite
a f t e r  olivine ( ? )  m oderate  p leoch roism .
Sam ple num ber: M -3  (53)
L ocation : 200 m. north o f A u ro ra ; Vilcabamba d is tr ic t , C uzco,
I I I .  R o c k  nam e: K e ra to p h y re  t o  a lb ite -C a m p rop h y re
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area, Vilcabamba district, Department of Cuzco, P eru.
Megascopic description: a . brownish-reddish rock with numerous 
lath and needle shaped phenocrysts of plagioclase, which 
are also slightly brownish due to content o f hem atite.
Size of phenocrysts 0 .3  to  1 .3  cm.
Microscopic characters
I .  Phenocrysts: Plagioclase (4 0 $ ): Elongate euhedral 
to  subhedral phenocrysts of labradorite (68 A n ). 
Incipient saussuritization (Figure 1 4 ).
I I .  Matrix (40$) s The groundmass is composed o f a fine 
moss-like crystalline aggregates o f plagioclase, 
hematite and indefinite amounts of quartz and 
K - f  elds par (grains altered and obscured by the 
mossy limonite).
I I I .  ’P atch es" (20$) s Calcite of probable secondary origin;
not clearly amygdaloidal; often  surrounded by a 
mass of limonitic semi-opaque material, possible 
origin in place from  altered m afics.
I V .  Rock Names Melaphyre
Sample numbers M - 4L o c a t io n s  1 k m . w e s t  o f  v illa g e  o f  V ilc a b a m b a  C h o q u e p a ta
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Figure 14 . Sample M -4 . Phenocryst o f plagioclase embedded 
in a finely crystalline groundmass with a "m o ssy " distribution 
o f limonite. 50X , crossed nicols.
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Vilcabamba d istrict, Cuzco, Peru.
Megascopic description: Lark brown, porphyritic rock. Contains 
euhedral to subeuhedral plagioclase phenocrysts, ranging in 
size from  0 .2  to 1 .7  cm.
Microscopic character:
I .  Phenocrysts Plagioclase (30%)  : Labradorite (63 A n ), 
very weakly altered and containing interstitial 
calcite or quartz, and grains of iron oxide.
I I .  Matrix ( 5 0 % ) i Groundmass shows tendency to fluidal 
textu re. Fine-grained opaques abundant (mostly 
hematite with some magnetite)'. Numerous very 
small plagioclase needles visible.
I I I .  Patches (20%)  t Mostly calcite and somewhat less 
quartz. A s in sample M -4 , the patches are 
rather irregular and appear to  be connected with 
the fracturing and perhaps the extrusion or 
intrusion of this rock. They are probably material 
picked from traversed wall rock. Essentially, 
the minerals of this sample are similar to those 
in sample M -4 ; the difference is texture of the 
groundmass, and increase of the relative amount of 
quartz.
S a m p le  n u m b e r : M - 5 .L o c a l i t y :  1 k m . w e s t  o f  V ilc a b a m b a  v illa g e  C h o q u e p a ta  a r e a ,
IV Rock name: Melaphyre.
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Figure 15. Sample M -5 . Plagioclase showing carlsbad, 
polsynthetic and interpenetration twinning,, Size of pheno 
crysts 0 .3  — 1 .3  cm. 50 X , crossed nicols.
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d is t r ic t ,  C uzco D ep a rtm en t, P e ru .
M egascopic c h a r a c te r s : G ray -p u rp le  ro ck , occasionally  w ith  
red  s p o t s .  Predom inantly equigranular.
M icroscop ic  c h a r a c te r :
I .  P h e n o cr y s ts :
O rth ocla se  (25%):  S om e in term ed ia te  t o  sm aller 
p h en ocry sts  may be  o r th o c la s e ; now com pletely  
cov ered  w ith  fin e  sca ly  a lte ra tion  p ro d u cts . 
T h ey  su g g est o r th o c la se  as an original mineral 
due t o  th e ir  con sta n t isom orphic shape and 
th e  abundance o f  a s e r ic it ic  a ltera tion  p ro d u ct . 
P lagioclase (30% ): E lon gate euhedral grains up 
t o  3 mm. A lte ra tio n  zoning w ith  a c lear rim 
in som e (F ig u re  16b) , a b sen t in o th e r s ; incip­
ien t ch loritization  in som e gro in s ; but m ost o f  
th e  a ltera tion  minerals a re  ex trem ely  sm all. 
A u g ite -g h o s t  grains (5%)t N ow consisting  o f  
pseudom orphis filled  w ith  F e —oxide, ch lo r ite , 
serp en tin e , and perhaps bow ling ite -idd ingsite .
I I .  M atrix (60%) i S ize  o f  grains range fr o m  small to  
very  fin e  o r th o c la se  ( ? ) ,  p lagioclase (p red om ­
in a n tly ), a ltered  au g ite , iron  ox id es , ch lo r ite .
Sample number: M -6




Inclusion  (2 .5%) :  One grain o f  hypidiom orphic q u a rtz  
(F ig u re  16a) w ith  <x r e a c tio n  hulo o f  c h lo r ite , a 
brow n ish  in d istin ct m ineral, and needles o f  gram m a- 
t i t e  ( ? )  o r  c r is to b a lite  ( ? ) .
R ock  n a m e: M elaphyre.
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F ig u re  16a. Sam ple M -6 . H ypidiom orphic grain  o f  q u artz  
w ith  a r e a c t io n  halo o f  ch lo r ite  aiid o th e r  m inera ls. 50X , 
plain lig h t .
F ig u re  16b . Sam ple M<-6. P lo g io c la se  sh ow in g  a c le a r  o u te r  
zo n e , A bundant iron  ox ides in th e  grou n d m ass . 5 0 X , plain
light.
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Location: Calderon prospect (lower part) , Vilcabamba
district, Cusco department, Peru.
Megascopic characters: Lark red rock oharacterized by the
fine-grained matrix; some spots of calcite seen; pitchblende, 
pyrite and hematite contained as ore minerals.
I .  o C onstituents:
A patite (5 0 $ ): Euhedral crystal fo rm s; size up 
2 mm. (Figure 17a and b) .
Quartz (5 $ ) : Rather sca ttered ; characterized by 
ondulatory extinction.
Calcite (4 0 $ ).
Chalcopyrite, pyrite (? )  and pitchblende (5$)«
I I .  Rock name: A p a t i t e - f  e ls ite .
S a m p le  num ber:- -C -7
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F igu re  17a . Sam ple A - 7 .  A p a t ite  show ing s ix -s id e d  p r ism a tic  
c r y s t a ls .  A bundantjbpatite developed  during th e  m etam orphism  
o f  lim eston e . L o ca tio n s  C alderon  B a jo . 5 0 X , plain ligh t.
F ig u re  17b . Sam ple A - 7 .  Longitudinal s e c t io n s  o f  a p a t ite . 
S ize  o f  grain  up t o  2 mm. L o ca tio n s  C alderon  B a jo . 5 0 X , 
plain lig h t .
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d is t r ic t ,  C u zco  D e p a rtm e n t , P e r u .
M egascop ic  d escr ip tion s
G reen ish  r o ck  com p osed  mainly o f  g a r n e t , w ith  in te r — 
s t it ic a l  opaque m inerals and c a lc it e . In  p laces th e  opaque 
p ortion  c o n s is ts  clearly  o f  sp ecu la r  h e m a tite .
M icro sco p ic  c h a r a c te r s
G a rn et {85%) r C ra ck ed  and largely  a lte re d  sh o w s  t h e r e ­
f o r e  anom alous a n istrop ism .
C a lc ite  (1 0 $ ) s In te r s t it ia l  in th e  g a rn e t  m a ss .
O paques {5%)t ■Lhe opaques norm ally line th e  in te r ­
s t it ia l sp a ce s  b e tw e e n  c a lc it e .
U u a rtz  and o th e r  m inor c o n s t itu e n ts  a re  occasion a lly  
p r e s e n t  bu t a lm ost w ith o u t ex cep tion  ob scu red  by 
yellow ish  green ish  a lte ra t io n  p r o d u c ts .
Sample numbers -C -9
L o ca lity : Calderon area , low er p art (Calderon b a jo ); Vilcabamba
R o ck  names G a rn e tite
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C u zco  D e p a rtm e n t , P e r u .
M egascop ic c h a r a c t e r s :  Medium t o  fin e -g ra in e d , darkish 
m ottled  m assive r o ck .
M icroscop ic  c h a r a c t e r s :
I .  P h e n o c r y s ts :
A u g ite  {25%) s Irre g u la r  f o r m s , freq u en tly  including 
a fish  (F ig u re  18a) or n eedle-sh ap ed  mineral 
which is a lm ost is o tr o p ic ; cleavage r a th e r  
o b sc u re ; s ize  up 2 .  mm.
Olivine (a lt e r e d , 15$ a p p ro x im a te ly ): I s o m a tr ic !  
grains o f  a mineral w ith  low  re lie f  (F ig u re s  
18b and c )  ; fre q u e n tly  a s s o c ia te d  w ith  
opaques (p robab ly  iron o x id e ) .
I I .  M atrix  (6 0 $ )r  V e r y  fin e  grained m ixture o f  possible 
p lag ioclase , w ith  p y rox en e , se rp e n tin e , t a lc ,  
ch lo r ite , and iron  ox id es .
I I I .  R ock  n am e: H ybrid a u g ite -d u n ite  o r  o liv in e -p y rox en ite .
Sample number: ,s\-15  (50)
L ocation : 20 m. S E  o f Andrianita p it, Vilcabamba d is tr ic t ,
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Figure 18a. Sample A -1 5  (50) .  Augite; dendritic, sheave­
like type (herringbone structure) (compare G A N S S E R , 1950, 
p. 230-233)® 50X,  crossed
Figure 18b. Sample A.-15 (50) .  Chlorite patch pseudomorphic 
a fte r  olivine. 50X ,  plain light.
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F ig u re  1 8 c . Sam ple J\-15 (150 ). T h e  b rea k -d ow n  o f  olivine 
gives r ise  t o  th e  developm ent o f  iro n -o x id e  m inerals (l im o n ite ).
50X ,  plain ligh t.
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district, Cuzco department, Peru,
Megascopic characters: ^  fine-grained, grayish to greenish 




Plagioclase (20$): /^ ndesine (36 An); quite 
cloudy and saussuritized; size of grains 
ranging from .3 to 1,5 mm.
Augite (20$): Euhedral crystals on basal and 
longitudinal section; zoning in some ( Figure 
19a and b) , size 1-2 mm.
Biotite (35$) * Largest crystals abundant; section 
parallel to (001) and (010) ; associated with 
zircon; size of grains up to .2 mm.
II. Matrix (not sharply distinguishable to size from
phenocrysts):
Main components: The groundmass is composed 
of small lath-shaped plagioclase crystals, with 
interstitial quartz biotite, augite crystals; 
amount included in that of the phenocrysts.
Specimen number:- >v -l6
L ocation : San M arcos dike, near San M arcos p it; Vilcabamba
89
Accessories (15$) f 2ircon, euhedral, typical 
form; magnetite, predominantly located along 
the border of the corroded biotite; few grains 
of sphene.
III. Patches and'Bubbles"? Calcite containing zeolites,
talc, serpentine (25$); vesicular in nature, or 
possibly hybrid inclusions from neighboring limestone 
(Figure 3) .
IV. Rock name? Andesite
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Figure 19a. Sample A-l£. Augite normal to the C-axis. 
Some zoning is noted along the rim. Elongate biotite also 
is noted in the neighborhood. 50X, plain light.
Figure 19b. Sample A-16. Calcite "bubble” containing 
epidote, serpentine, talc, and zeolites. 50X, plain light
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3. Chemical. Analyses
In order that the major rocks of the area could be 
compared with other petrochemical provinces of Peru, chemical 
analyses of six important rocks were obtained. The results 
are found in Table I. The NIGGLI values of all Peruvian 
rocks are given in Tables II to IV.
The magma types were evaluated and will be discussed 
in the following paragraphs.
The magma classification of the six rocks analyzed 
was performed according to the list published by NIGGLI 
and BUREI (1945, p» 31-36). The comparison of the NIGGLI 
values with the list led to the following magma types. While 
this classification is most useful for comparison purposes, 
one should not infer that each and every single magma type 
came from an independent and separate magma chamber. It  
is possible that one magma chamber may have produced various 
differentiation products, and assimilation may also have produced 
marked changes in the bulk composition and the trend of crystal­
lization.
Rock 2-A (48) fits well into the class of aplitic- 
quartz-dioritic magmas (type l-d -3 ).
Rock 2-B (49) fits perfectly into the class of 
granodioritic magmas (type 1 -c -l) .
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Rock 50- (a - 15) is the most difficult rock to classi­
fy because it apparently contains a large amount of contamina­
tions. This fact is clearly demonstrated by the high content 
of _c which does not permit entering this rock into any normal 
type of magma. It is closest to the ijolitic (turjaitic to 
okaitic) type (ll-h-5)except for the very high c and the 
anomalous alkj- (only 0.65.). It is, on the other hand, also 
close to the melanogabbroid (ankaratritic type, 11-0-2), again 
except for the high c_ and, consequently, low fm . This rock 
illustrates the need for rock analyses in cases where the 
mineralogic composition is anomalous and the grain size small.
Rock 51 (M-l) fits two classifications about equally 
well: it falls between the sommaitec and the monzonitic 
types ( l l l - f - c  and 111-g-l).
Rock 52 (M-2) enters well into the group of ther— 
alitic to theralitic-gabbroic magmas (types 11-K-l and ll-m-2) „
Rock 53 (M-3) corresponds to the transition between 
the syenitic (kamperitic; 111-3-3) and lamprosyenitic (lll-i-1) 
magma type.
The ULM values are claculated according to the 
simplified rules given by BURRI, NIGGLI 91945* P» 96).
The fm-al, alk-al, and the mg-k, and variation diagrams were 
drawn also according to this publication (p. 30, 61, 62).
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The simplified rules used for the U L M  diagram 
are as follows:
X. alk al
U = si -  100 -  l/2  (fm + c) = 
si -  50 + 1/2 (*1 + alk)
L = 6 al
M = 3 (alk -  al) + 3/2 (fm + c)
II. al = (alk + c)
U = si -  (50 + 2 alk -  al)
L = 3 (al + alk)
M = 3 (50 -  al)
Q
F igu re  20
M
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Batholitic rocks of Peru
1938
• Chosica, Central P eru (B earth , 
4- Sierra Nevada (Sgeler & Booy,
1938
X  Vilcabamba (Fricker & vVeibey.961
( * )  Vilcabamba,transitional rock 
(granite-paragneis) ( Fricker & 
Weibel, i960)
^  Machupicchu (this paper)
o  . .V ilcabam ba (th is  paper)
F
F ig u re  21
Q 95
Volcanic rocks of Peru 
•Rhyolites («Jenks &- Goldich, 1956)





°Andesite (Bearth, 1938) 
"'TDolerites, etc, (Fricker &■
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Figure 2 2  f m-al, alk-al, and c fields with 
the locations of the new rock analyses
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N ew  A nalyses o f  Igneou s R ock s  fr o m  P e ru , V ilcabam ba A re a
(after 1960j No« 48-53 this thesis )
2-a (48) 2-B (49) A-15(50) M-l (51) M-2 (52) M-3 (53)
S t ° 2 73.7 68.2 38.4 50.8 42.9 52,2
TiOg .20 .36 1.1 1.7 1.4 1.6
A l g 0 3 13.7 15.8 12.0 14.5 16.2 14,8
Fe2°3 .6 .6 3.0 2.1 2.7 2,9
FeO 1.4 2.7 6,9 4.9 7,5 3.8
MnO .05 .06 .15 .13 .12 .13
MgO *8 1.2 7.3 4,5 3.3 5.3
CaO 1.5 4.1 27.2 7.2 10,1 5.1
Na O 3.6 3.7 .3 5.1 5.0 3,7
k 26 3.8 2.6 .1 3.8 1 .0 5.9
P2°5 .07 .14 .23 1 .0 ,19 1,0
H§P .5 .3 2.4 2.0 3,8 2.6
2,0 5.0 ,7
99.9 99.8 99,1 99.7 99.2 99.7
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A N A L Y S E S  O F  I N T R U S I V E  R O C K S  O F  P E R U
T A B L E  II
(U p t o  R b o )
Author 
and Year
Bearth (1938) 1 58,34 206 34 28,5 19.5 18 43,0 43.7 13,3
(all from 2 77*31 527 47 5 7*5 40.5 61.8 39.9 1.3
Central Peru) 3 68,72 325 40 18 15 27 53.2 40,7 6.1
4 64*40 251 32.5 25,5 19*5 22,5 46,3 40,7 13.0
5 59.83 202 33 30 19 18 42,0 43.5 14*5
6 55,57 161 31 32 23,5 13.5 37.5 43*6 18,9
7 50,06 127 29 25,5 26,5 9 33.6 42.4 24,0
8 43.59 92 25 39 32.5 3.5 27*3 38,6 34.1
9 46,12 90 14 58,5 24*5 3 23,6 24.6 51.8
10 50.93 134 30 32,5 26 11.5 33.1 45.1 21,8
11 50.17 144 27.5 37 22.5 13 33,6 42.6 23.8
12 66,72 282 38 19*5 17.5 25 49,4 42.5 8.1
13 70,54 365 47,5 10 12 31 55*3 40,7 4,0
Egeler and 14 66.97 284,7 41.6 20,4 18,6 19.4 53.3 41,0 5.7
Body (1956) 15 70.66 339,5 44,1 14.1 15,3 26.5 55.0 41,5 3.5
(all from 16 73*10 398,048.4 7*5 10,8 33,3 56.9 42.3 0.8
the Cordillera 17 71.60 381.5 49.5 8.0 8,9 33.6 55.5 44.2 0,3
Blanca)



















Analyses of extrusive rocks of Peru 
(up to I960)
TABLE III




















JENKS 20 70.81 412 48 5.5 13.5 43 53.5 43.8 2.7
and. 21 73.03 417 47 7.5 10.5 35: 57.3 41.2 1.5
GOLDICH 22 74.06 443 47.5 6 6.5 40 57.4 40.8 1.8
(1956), 23 74.63 465 50 4.5 4.5 41 58.4 39.6 2.0
24 75.01 473 48 5.5 5.5 41 58.9 39.6 1.5
(average) 74.18 450 48 6 7.5 38.5 58.3 39.6 2,1
AMSTUTZ • 25 54.79 237 36.5 17 11.5 35 37.7 52.5 9.8
( I 9 6 0 ) . 26 57.70 225 34.5 18.521,5 25.5 41.0 46.8 12.2ti 27 52.09 204 34.5 22 19 24.5 38.4 48.7 12.9n 28 50.80 184 30 23 27.5 19.5 37.4 44.7 17.9
(unbublisM29 63.77 242 29 20 24 27 41.9 42.3 15.8ti -30 62.35 225 27 26 23.5 23.5 41.2 40.4 18.411 31 63.40 247 31 23 21 25 44.5 40.9 14.6
It 32 63.60 242 30 22 22.5 25.5 42.9 41.7 15.4
ti 33 63.57 29$ 38 18 7.5 36.5 45.1 47.3 7.61 34 68.52 378 48 6.5 1.5 44 50.5 47.1 2.4
M 35 65.35 305 40.5 21.5 3 35 46.9 45.6 7.5
M _____3 318, ,,39.5.,...-J2.5JA- 37 47.1 46.6 .8x3
HocJk name and/or locality:
18 Bacite (plagioeiparit), between Pongo and Ampi.
19 Andesite, Laguna Karpa.
20 -  24 rhyolitic voleanics of Southern Peru.
25 Andesite, Antachajra (ore).
26 Andesite, Caprichosa (fresh).
27 Andesite, Caprichosa (ore).
28 Andesite, Caprichosa (pre).
29-*32 Volcan Tutupaca, South..Peru 
33*35 Mine Julcanl




Synopsis or a l l  Rock Analyses From The VilcaLfeamba
Area, Peru
Author & fear 




No. SiOp s i a l fm c a lk Q L M
3 7 0 5 1 ) 73 . 0 422 47 5 5 43 54 44 2
38(3653) bb* 9 292 39 18 8 35 45 48 7
3 9 (1 8 4 ) . b9 . b 343 42 17 5 3b 51 44 5
4 0 (2 1 4 ) 55 . 7 177 31 33 14 22 31 51 18
4 1 ( 9 b ) . b1 . 0 227 38 23 9 30 39 52 9
42 (1 0 1 ) 52 , 9 144 23 44 22 11 35 36 29
4 3 (27 5 ) 50 . 8 140 27 43 19 11 34 41 25
4 4 (35 b ) 50 . 4 127 21 4b 22 11 29 37 34
4 5 (bb) 47 . b 12 23 44 23 10 29 39 32
46 (1 3 0 ) 43 . 0 97 17 47 30 6 24 31 45
47 (2 4 9 ) 67. 2 305 37 21 9 33 48 44 8
4 8 (2 -A ) 73 . 7 424 47 10 9 34 b1 36 3
4 9 (2 -B ) 68. 2 291 40 19 19 23 52 42 6
5 0 (A -15) 38. 4 b9 13 34 52 1 16 23 b1
51 (MS1) 50 . 8 141 24 3b 21 21 25 47 28
5 2 (M -2) 42 . 9 110 24 34 28 14 23 4b 31
5 3 (M-3) 52 . 2 150 25 38 1b 21 28 47 25
Names of the Bocks:
37051) 
38(353 
39 0  84) 
40 (2 1 4 ) 
4 1 (9 6 ) 
4 2 (10 1 ) 
4 3 (2 7 5 ) 
4 4 (35b) 
45 ( b b ) . 
4 b (130) 
47 (2 4 9 ) 
4 8 (2 -A ) 
4 9 (2 -B ) 
50 A -15 ) 
5 1 (M -1) 










Dolerite (with tltaniferous augite)









C . S T R U C T U R E
T w o  main ty p e s  o f  s t r u c t u r e s  o ccu r  in th e  th esis  a re a .
1. F a u lts .
T h e  m ajor fa u lts  a r e : ( l )  N egrillas , and (2 )
C alderon  fa u lt ,  as can be n oted  on th e  geo log ic  map. B o th  
o f  th e se  fa u lts  s tr ik e  E -W , th e  N egrillas fa u lt  dips 7 0 -8 0 ° 
t o  th e  s o u th , and th e  C alderon fa u lt  dips a lm ost v e r t ica l, 
o r  in som e places s te e p ly  inclined t o  th e  s o u th .
T h e N egrillas r e v e rs e  fa u lt  can be fo llow ed  on th e  
s u r fa c e  f o r  approxim ately  th re e  k ilom eters  (F ig u re  11 , and 
th e  s tr u c tu r a l map in th e  A p p en d ix ), i . e .  fr o m  th e  rio  
C ayari t o  quebrada C halcha. T h is  fa u lt  sh ow s a slight 
in crea se  in ra d ioa ctiv ity  near N egrillas la k e . A t  th is loca tion  
th e  fa u lt  cu ts  th e  lim estone fo rm a tio n , w h ich , as previously  
m entioned, contains e r r a t ic  len ses  o r  p a tch e s  o f  p itchblende.
No prim ary  uranium minerals a re  found a s s o c ia te d  w ith  th e  
fa u lt .  T h e r e fo r e  th e  ra d ioa ctiv ity  may be  due t o  secon d a ry  
dep osition  fro m  so lu tion s containing uranium derived fr o m  the 
lim eston e .
T h e  C alderon  fa u lt  which is lo c a te d  about 1 km. 
n orth  o f  th e  N egrillas fa u lt ,  ex ten d s f o r  about 1 /2  k m .,  and 
tren d s  E -W  (F ig u re  8 ) .  T h e  fa u lt  ap p ears  t o  have originated  
during th e  volcanic a c t iv ity  in th is  a re a . T h is fa u lt  p laces 
m etam orphosed lim estone in c o n ta c t  w ith  th e  volcan ic r o ck s .
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Neither- th e  N egrillas nor Calderon fa u lt  contains 
m ineralization. H ow ev er, som e o f  th e  f r a c t u r e s  associa ted  
w ith  th e  Calderon fa u lt contain m ineralization.
2 . F ra c tu re s
C losely associa ted  w ith  th e  Calderon fa u lt  are  tw o  
s e t s  o f  f r a c tu r e s  found in th e  adjacent m etam orphosed lime­
s to n e ; one s e t  is  parallel, and th e  o th er  angular. T he parallel 
f r a c t u r e s  tren d  in the sam e E -W  d irection  as th e  C alderon 
fa u lt  and are  v ertica l o r  steep ly  inclined to  th e  sou th . They 
con tro l the location  o f  th e  major c l i f f s  in th e  area  (see  s t r u c ­
tura l map in th e  Appendix) and contain no o re  m ineralization. 
T he fr a c tu r e  planes show no evidence o f  m ovem ent. B ased 
on th e ir  fie ld  o ccu rren ce  and c h a r a c te r is t ic s , they  are c lassi­
fied  as sym pathetic fr a c t u r e s .
Another set of fractures trending N 15-25° E 
shows an angle with the Calderon fault. An exception to 
the above generalization is the Aurora fracture which strikes 
N 50° E and dips approximately 75° NW.
A ngles o f  inclination t o  th e  C alderon fa u lt  vary from  
1+5-80°. Many o f  the inclined f r a c t u r e s  contain abundant 
p yrite  and som e contain s ca t te r e d  distribution  o f  o re  m inerals. 
T he A u rora  fr a c tu r e  exhibits th e  s tr o n g e s t  p yrite  mineraliza­
tion
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F ou r  un-nam ed f r a c t u r e s  e a s t  o f  C alderon  p r o s p e c t  
show  slight m ineralization and w e re  w orked  f o r  th e ir  o re  values 
probably during th e  16th and 17th  C e n tu r ie s .
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V .  O R B  D E P O S I T S
T h is  c h a p te r  includes a d e s c r ip t io n  o f  th e  individual o c c u r ­
en ce s  o f  uranium  m inerals in th e  t w o  a d ja cen t a r e a s , Huamanapi 
and C a ld e ro n . In  th e  Huamanapi a re a  m inera lization  o f  c o p p e r -  
uranium  and n ickel m inerals o c c u r s  in len ticu la r  a rra n g em en ts  
w ith in  lim eston e  h o s t  r o c k . S an  M a rcos  and A d r ia n ita  area  
th e  m ajor p r o s p e c t s  w ith in  th is  f i r s t  a r e a . In  addition  th e r e  
a re  som e o t h e r  sm a ller  p r o s p e c t s  w hich will n o t  be  m entioned 
s p e c i f i c a l ly .  In  C alderon  a re a  co p p e r  -  uranium  -  nickel 
m inera lization  o c c u r s  mainly as f i s s u r e  fillin gs  and th e  h o s t  
r o c k  is sk a rn . T h e  A u r o r a  and C a ld eron  f r a c t u r e s  a re  
d e scr ib e d  a s  ty p ica l f e a t u r e s  o f  th is  s e co n d  a r e a .
A. HUAMANAPI AREa
T h e  o r e  m ineralization  in th e  a re a  o f  Huamanapi in w hich  
th e  S an  M a rco s  p r o s p e c t  l ie s , o c c u r s  a s  len ses  o f  variou s 
d im en sion s, b o th  in th e  h o r izo n ta l and v e r t ic a l  v ie w s . T h e  
len ticu la r  c h a r a c te r  o f  th e  d e p o s its  is th e  main fe a t u r e  in 
t h a t  a r e a . T h e s e  bod ies  o c c u r  in ca rb o n a te  r o c k s  o f  th e  
C op a ca b a n a  g ro u p . T h e  lim eston e  r o c k s  a re  loca lly  a lte re d  
t o  s ilica te  m inerals in and n ea r  th e  o r e  d e p o s it s .
1 . S an  M a rcos  E *rosp ect
T h e  San  M a rco s  p r o s p e c t  is  a lens w h ich  tre n d s  
rough ly E —W and plunges 80° t o  th e  s o u t h . I t  is a b ou t 10 m . 
long ana 1 m 0 w id e . A lth ou g h  th e  ends o f  th e  lens have n o t
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been  fo u n d , i t  is m ost  probable th a t  it  te rm in a te s  n ot f a r  
f r o m  th e  o u t c r o p s , b eca u se  th e  h ab it o f  th e  o r e  m ineralization  
in this lo ca lity  is s h o r t  len se -lik e  b od ies . F o r  th e  sam e rea son  
i t  is also probable  th a t  th e  lens d o e s  n ot ex ten d  f a r  below  th e  
s u r fa c e .
M cKINSTRY. (1955, p. 207) in describing pipes and 
mantos states :
"O re b o d ie s  o f  roughly c ir cu la r  o r  ova l s e c t io n  a re  
com m only d e scr ib e d  as pipes o r  chim neys i f  th e y  a re  
v e r t ica l o r  s te e p ly  inclined,. I f  th ey  a re  m ore nearly  
h or izon ta l and, p a rticu la r ly , i f  th e ir  lon g  axes lies in 
th e  plane o f  bedding o f  th e  inclosing r o c k  th e y  are  
o f t e n  r e fe r r e d  t o  as m a n t o s ,”
He continued in a footnotes
11 Man t o  m eans blanket and should, lite ra lly  speakin g , 
be r e s e r v e d  f o r  tabu lar bedded  re p la ce m e n t. B u t  in 
S a n ta  Eulalia and o th e r  M exican o c c u r r e n c e s  i t  is used  
f o r  h or izon ta l tu b e s  along bedding planes in co n tra d is ­
t in c t io n  t o  th e  s t e e p  ch im n eys, a u sa g e  th a t  has sp read  
in th e  l i t e r a t u r e , e , g , , t b  Gilman, C o lo ra d o , and even 
t o  D e r b y s h ire , R a th e r  th an  com b at th is  ex ten s ion  o r  
d is to r t io n  o f  th e  t e r m , i t  m ay be s im p lest when w ritin g  
in E nglish  t o  re ta in  i t  f o r  h or izon ta l p ipes and r e v e r t  
t o  ''b la n k et”  f o r  tabu lar bedded re p la ce m e n ts , as long 
u sed  in L eadville  and e ls e w h e r e ,”
L O C K E  (1926 , p . 446) s t a t e s :
"s o lu t io n s , w h a te v e r  th e ir  original pa th  may have 
b een , can d isso lv e  o u t  a cham ber w h ich  th en  begins 
t o  c a v e ” .
T h e s e  s ta te m e n ts  d e s c r ib e  th e  m ode o f  o c cu r r e n c e  
and m anner o f  fo r m a tio n  o f  th e  lens a t  S an  M arcos  and o f  
o th e r s  in th e  Huamanapi a re a , e x c e p t  f o r  a  loca l lim eston e  b r e c ­
cia 150 m , below  S an  M arcos  p i t .  T h is  b r e c c ia  has a tr e n d  and
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dips sim ilar t o  t h a t  o f  th e  S a n  M a rco s  p i t .  T h e  lim eston e  
b r e c c ia  is  ce m e n te d  w ith  h e m a tite  and sp ora d ica lly  con ta in s  
c h a lco p y r ite  and w eak ly  d issem in a ted  p itch b le n d e . E x p lo ra tio n  
t o  d a te  has n o t  sh ow n  p ip e s , chim neys o r  m antos o f  th e  s iz e  
d e s c r ib e d  in th e  l i t e r a t u r e  f o r  so m e  o t h e r  mining d i s t r i c t s .
a . H o s t  R o c k  and D e s c r ip t io n  o f  E * ro sp e ct . T h e  
h o s t  r o ck s  f o r  th e  in tro d u ce d  o r e  m inerals a r e  a com p a ra tiv e ly  
th ick  s e r ie s  o f  a re la tiv e ly  th in  bedded  lim e s to n e , m e ta m o r ­
p h osed  t o  m a rb le . B ro a d ly  sp ea k in g , th e  ca lca re o u s  fo r m a t io n  
u n d e rw e n t g r e a t e r  a lte r a t io n  th an  s a n d s to n e . A  w id e  range 
o f  variab le  zoning o f  a lte r a t io n  c h a r a c te r iz e d  by th e  d eve lop ­
m en t o f  su ch  s il ic a te s  a s  g a r n e t ,  e p id o te , s e r p e n t in e , e t c .
is  s e e n .
T h e  gangue o f  th e  o r e  is c o a r s e -g r a in e d  c a lc ite  
and d o lo m ite . L o ca lly  th e  gangue is pinkish due t o  a high 
c o n te n t  o f  h e m a t ite . A  l e s s e r  am ount o f  s ilica  o c c u r s  a t  
10 m . ab ove  th e  S an  M a rco s  p i t .  w u a r tz  and h e m a tite  a re  
w ell e x p o s e d . T h e s e  t r e n d  in th e  sa m e d ire c t io n  as th e  
S a n  M a rco s  m in era liza tion . I t  is in te r e s t in g  t o  n o te  t h a t  
5 t o  7 m . f r o m  th e  fo o t w a l l  o f  th e  S a n  M a rco s  p i t ,  th e  
lim e sto n e  b e co m e s  c h e r t y .
b .  O r e  M in e ra ls  and B y r i t e .  I n  o r d e r  o f  a b u n d a n c e , 
t h e  o r e  m in e ra ls  and p y r i t e  in c lu d e  p y r i t e ,  t e t r a h e d r i t e , b o r n i t e ,  
n ic c o l i t e ,  p itc h b le n d e  o r  u r a n in it e  and  s u lfo a r s e n id e s  o f  n ic k e l
.  T h e  a l t e r a t io n  o f  th e  c o p p e r  s u lf id e  m in e ra lsa n d  c o b a lt
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in som e p la ces  has re a ch e d  an ad van ce  s t a t e .
T h e  o r e  m inerals have a s p o t t y  d is tr ib u tio n  w ith in  th e  
c a lc ite  gangue. Only th e  p y r ite  ap p ears  t o  b e  p e r s is t e n t .
While ch a lco p y r ite  and b o r n ite  ap p ear t o  be en c losed  
in ca lca re o u s  gangue w ith  a h igher c o n te n t  o f  s ilica , t e t r a h e -  
d r i t e ,  p itch b len d e , and N i-C o  a rse n id e s  ten d  t o  be p r e s e n t  
in a pure c a lc it e  gangue. T h is , h o w e v e r , m ay n o t  a lw ays be 
th e  ru le .
c .  O re  M icroscop y . B e f o r e  con sid erin g  th e  m inerals 
s tu d ied  -under th e  m ic ro s co p e  th e  a u th o r  w ish e s  t o  q u o te  som e 
im p o rta n t s ta te m e n ts  in re g a rd s  t o  th e  d e fin ition  o f  p itc h ­
blende and u ran in ite .
Pitchblende: The name pitchblende is used in this
thesis instead of uraninite because the appearance of this 
uranium mineral is amorphous instead of isometric. This is 
based on the terminology of Report RMO-563 of the U . S . 
Atomic Energy Commission by GEORGE (1949, P» 31) •
E . "W. HEINRICH (1958, p. 26) under the title 
"Uraninite and pitchblende", gives the following definition:
"Composition ideally UO^ U = 46 .5  to 88.2$.
Normally is oxidized to U ° to a varying extent. A s the 
ion is replaced by the smaller ion, extra O ions enter 
to occupy interstitial positions."
H E IN R IC H  (1 958 , p . 26 ) m entions th a t  Wa S S E R -  
S T E I N  has s u g g e s te d  a t h r e e fo ld  c la s s if ica t io n  o f  u ra n in ite :
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-  uran in ite
-  uran in ite
-  uran in ite  
in th e  s t r i c t  s e n s e .
U, O  (O x y g en  d e f ic ie n t )A- 7
U O g , u ran in ite  in t h e  s t r i c t  s e n s e
(O x y g en  in e x c e s s )  , p itch b len d e
F R O N D E L  (1 9 5 8 , P . 1 2 ) s t a t e s :
" T w o  n a m es , u ran in ite  and p itch b len d e , a re  in 
com m on u se  f o r  th is  m ineral. U ran in ite  is  th e  c o r r e c t  
nam e f o r  th e  s p e c ie s  as a w h o le , including all v a r ie t ie s . 
T h e  nam e p itch b len d e  is com m only u se d  t o  d es ig n a te  a 
m ore  o r  le s s  sharp ly  d e fin ed  v a r ie ty  o f  u ra n in ite . 
P itch b len d e  o c c u r s  ch ie fly  in h y d roth erm a l m e ta llife ro u s  
v e in s . I t  f o r m s  m ic ro -c r y s ta llin e  m a sse s  th a t  o f t e n  
sh ow  c o n c e n tr ic  banding and have a b o try o id a l o r  
rounded  s u r fa c e  w hen d evelop ed  as a  c r u s t . "
Id e n t if ic a t io n  o f  th e  o r e  m inerals o f  th e  V ilcabam ba
C o p p e r  -  U ranium  o r e s  w e r e  ba sed  ch ie fly  on s tu d ie s  o f  
polished  s e c t io n s  w ith  th e  r e f le c t in g  m ic r o s c o p e . T h e y  r e ­
vea led  th e  p r e s e n c e  o f  th e  fo llo w in g  o r e  m inerals (d e sc r ip t io n  
s h e e t s  and m icrop h otog ra p h s  fo llo w  a t  th e  end o f  th is  c h a p t e r ) :  
S am ple  n u m b er: B - l
B o r n ite
C h a lco p y r ite
T e tr a h e d r it e
P y r it e
S am p le  n u m b er: B -2
T  e tra h e d r ite
C h a lco p y r ite
P y r it e
S a f f l o r i t e
Ram  m e ls b e r g it  e
P it  chblende ( l i t t le  )
B r a v o lite  ( ? )
Mineral X
S am ple n u m b er: B -3  
N icc o lite
G e r s d o r f f i t e  o r  U llm annite
R a m m e lsb e rg ite
P itch b len d e
Sam ple n u m b er: B -4
B o r n ite
C h a lco p y r ite
C o v e ll ite
T e tr a h e d r it e
I l l
L o c a l i t y :  S a n  M a rco s  p r o s p e c t .
M e g a sco p ic  d e s c r ip t io n : B o r n ite  and c h a lco p y r ite  a r e  th e  
main co p p e r  s u lfid e s  and o c c u r  a s  p a tc h e s  in s iliceou s  
o r  p erh a p s s ilic if ie d  lim e s to n e .
M ic ro s c o p ic  c h a r a c t e r :
B o r n it e  ( 7 0 # ) :  O c c u r s  in m assive  p a tc h e s  and occa sion a lly  
s h o w s  a p it t e d  s u r fa c e  and a beginning lim on itic  
a l t e r a t io n . O n e p o r t io n  o f  th e  sam ple con ta in s  
a lm o s t  only b o r n i t e ,  w h e re a s  a n o th e r  p a r t  con ta in s  
m o st ly  c h a lco p y r ite . B o r n ite  and c h a lco p y r ite  a re  
in te r  g ro w n  in b e tw e e n  t h e s e  t w o  p o r t io n s . B o r n ite  
fr e q u e n t ly  co n ta in s  s p o t s  o f  t e t r a h e d r i t e .  "W hereas 
in sam ple B - 4 ,  c o v e llite  is  com m on , in th is  sam ple 
i t  is  p r e s e n t  only in t r a c e s .
C h a lco p y r ite  (25%) t A lon e  o r ,  in a t r a n s it io n  zo n e ,
in te r g r o w n  w ith  b o r n it e ;  th is  in te r g r o w th  is c o a r s e  
and sim p le , th e  bou n d a ries  m o re  co n v e x  f o r  ch a lcop y ­
r i t e  than  f o r  b o r n ite .
T e t r a h e d r it e  (5%)s S h o w s  te n d e n cy  t o  b e  in te rg o w n  
w ith  b o rn ite  and only ra r e ly  w ith  c h a lc o p y r ite ; th is  
in te r g o w th  is  v e r y  la c y ; t e t r a h e d r i t e  con ta in s  
nu m erou s sm all w h itish  s p o t s  o f  a w h ite  m ineral.
T h e  s iz e  is  s o  sm all t h a t  t h e ir  n a tu re  ca n n o t be
Sample n u m b er:. B - l
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determ ined  w ith  ce rta in ty  (tr ia n g le s , r in gs , s p o t s ,  
o r  w irelike s t r in g e r s , o f  about 2 - 1 0  m icro n ). 
H o w e v e r , th e  r e f le c t iv ity  is  s o  high and th e  
sim ilarity  w ith  s ilv er  inclusions in te tr a h e d r ite  as 
d escr ib ed  by R A M D O H R  ( i9 6 0 )  is so  p e r f e c t  
(p .  304j F ig u re  281 and d e scr ip t io n s ) , th a t  w e are  
m o st  probably dealing w ith  native s ilv er  sk e le ton s  
(com p a re  th e  A g -s k e le to n s  o f  Sam ple C - 6 ) .
P y r ite  ( t r . ) s  O ccu rs  in t r a c e s  o r  iso la ted  gra in s.
C ubanite  ( ?  t r .J s  S p o ts  in b o r n ite ; s tron g ly  an td sotrop ic .
L o c a lity : San M arcos  p r o s p e c t
M egascopic ch a ra cte rs  Hand specim en show s gray  c o lo r ;
t e tr a h e d r ite  is th e  predom inant m ineral.
M icroscop ic  ch a ra cte rs
T e tr a h e d r ite  (80$) s "Widespread throughout th e  sam ple; 
o c cu rs  in terg row n  w ith  ch a lcop yrite  and occasiona lly  
w ith  p y r ite  and b o rn ite . A v era g e  grain s ize  may 
va ry  ( fr o m  s p o ts  o f  50 m icron t o  p a tch es  o f  2m m .)
C h a lcop y rite  (18$) s In te rg ro w n  w ith  te tr a h e d r ite  in
w hich i t  fo r m s  s p o t s ,  irregu lar p a tch es  o r  s tr in g e rs  
sh ow s e ith er  sm ooth  fr e s h  o r  cra ck ed  s u r fa c e ;  in 
f e w e r  ca ses  ch a lcop yrite  is in terg row n  w ith  p y r ite .
P y r ite  ( l $ )  s Iso la te d  s p o ts  o r  grains m ostly  in th e  
gangue, but also in th e  su lfid e s .
B ra v o ite  -  Villamaninite ( ? ) :  In  p laces as a w h itish— 
lilac-pinkish zone around p y r ite  and o f t e n  around 
p y r ite -ch a lco p y r ite . T he r e f le c t iv it y  is about 40$ 
under oil; i t  is is o tro p ic  and t h e r e fo r e  could also 
be a mineral o f  th e  linnaeite group ; h o w e v e r , i t s  
fr e q u e n t  zoned in te rg ro w th  w ith  p y r ite  su g g est 
th a t  a s tru c tu ra l relationsh ip  w ith  p y r ite  e x is t s .
S a f f l o r i t e  ( l$ )  ; P ossib ly  w ith  t r a c e s  o f  ram m elsberg ite  
and loellingite) : R o s e t t e s  o f  fo u r  in terg row n  
cry s ta ls  (sim ilar t o  th e  fig u re  o f  Sam ple C - 6 ) .
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Sample numbers B -2
Ilk
E ach  one show s narrow  o u te r  zone. T h e co lor  
va ries  in oil fr o m  pinkish w h ite  t o  yellow ish w h ite . 
A long th e  zone b ord er  th e re  is occasionally  som e 
te tr a h e d r ite .
Mineral X :  Highly a n iso trop ic , brow nish-p inkish , a sso c ia te d  
w ith  te tr a h e d r ite  and ch a lcop yrite . C o lor  and hard­
ness o f  th is mineral are  th e  sam e as th a t  o f  b o rn ite , 
bu t i t  is sharply a n iso trop ic , like cuban ite . Xt is 
alw ays in tergrow n  w ith  ch a lcop y rite . I t  may th e r e ­
f o r e  be a new mineral, c lose  in com position  t o  
ch a lcop y rite , b o rn ite , o r  cubanite.
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F igure 24 . Sample B -2 ,  Sam M arcos p it . C oba ltite  
in the ce n te r  exhibits an acicular fo r m ; it  is frequ en tly  
found in needle-like c lu s te rs . On both  sides are  patches 
w ith  chalcopyrite  (w h it e ) , te tra h e d r ite  (light gray) and 
a fe w  p a tch es  o f  cubanite ( ? )  ( medium g rey , in the 
c lu s te r  t o  th e  r ig h t ) . 150X.
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L o c a lity : San M a rcos
M egascop ic  d escr ip tion s  V e in le t o f  n icco lite  in a lte re d  lim e­
s t o n e .  T h e n icco lite  is light pink t o  brow n ish  and 
o ccu p ies  an irreg u la r  tabu lar sp a ce  in th e  w all r o ck , 
w ith in  th is  sp a ce  th e re  appears t o  be n icco lite  only.
A lon g  th e  rim  o f  n icco lite  som e p a tch e s  o f  probable 
an naberg ite  o c c u r s .
M icro sco p ic  c h a r a c t e r :
N icco lite  (8 3 # )* r A lm o s t  en tire ly  hom ogeneous m ass, 
in terg row n  in an irregu la r  p a tte r n  w ith  ram m els= 
b e r g it e ; th e  la t t e r  o c cu rs  mainly along th e  rim 
o f  th e  n icco lite  m ass.
R a m m elsb erg ite  (1 0 # ) :  O ccu rs  in te rg ro w n  w ith  n icco lite  
along grain boundaries and along th e  rim  o f  th e  
n icco lite  m ass .
G e r s d o r f f i t e  o r  Ullm annite (5 # }s  In tim a te ly  in te rg ro w n  
w ith  R a m m e lsb e rg ite ; a lm ost alw ays w ithin  grains 
o f  th is  la t t e r  m ineral.
P itch b len d e  ( 2 # ) :  O ccu rs  occasiona lly  as ribbon b e tw e e n  
ram m elsb erg ite  and gangue.
Sample numbers B -3
* P e r c e n ta g e  in all ca se s  r e f e r s  t o  th e  am ount o f  o r e  m inerals 
only in the sam ple.
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B oca lity s  Sam M arcos  p r o s p e c t
M egascop ic d escr ip tion s  C h a lcop yrite  and b o rn ite  a re  th e  m ost 
abundant s u lf id e s , which seem  t o  display a roughly banded 
d istr ib u tion . T h e gangue is mainly ca lc ite  and q u a rtz ; 
lim onite and m alachite prod u ce  heavy sta in s  on th e  sam ple.
M icroscop ic  ch a ra c te rs
B o rn ite  (50%) s C h a r a c te r is t ic  pink; sh ow s w eak  a n iso - 
t r o p is m ; a lm ost alw ays rim m ed o r  veined by cov e llite  
(F ig u re s  25a and b ) .  O ccasiona lly  b o rn ite  is also 
rim m ed by a n arrow  ribbon o f  ch a lco p y r ite ; o c ca s io n ­
ally ch a lcop y rite  also p e n e tr a te s  th e  b o  rn ite  along 
cleavage plains and grain bou n daries; ra re ly  b o rn ite  
is  in te rg ro w n  w ith  t e t r a h e d r it e .
C h a lcop y rite  (33%) t M od era te  a n iso tro p ism ; o c cu rs  
in te rg ro w n  w ith  b orn ite  in c o a r s e  t e x t u r e s ,  bu t 
a lso  in th e  m ore s p e c if ic  w ay  m entioned a b ov e ; le ss  
fr e q u e n t ly  i t  is  in te rg ro w n  w ith  t e t r a h e d r ite  and 
co v e llite ; o c c u r s  abundantly in b o rn ite  bu t only 
ra re ly  in ch a lcop y rite  (F ig u re  25a and b ) ; th is  is 
rem ark ab le , sin ce  cov e llite  may o c c u r  alongside both  
m inerals.
Sample numbers B -4
C ov e llite  (10%) t A p p ea rs  t o  rep la ce  b o rn ite  fre q u e n tly
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as supergene mineral from  it s  grain boundaries and 
cleavage planes; it  fo rm s  r o s e t t e s  or m osaics 
along th e se  lines. R are ly , i f  e v e r , covellite  
rep laces ch a lcop yrite .
T e tra h e d r ite  ( 5 # } t  Usually as p a tch es inside and as 
sp o ts  along th e  chalcopyrite  and born ite  m asses.
P itchblende (±1$ ) r T ra ce  along one boundary o f  the 
su lfide m ass.
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Figure 25a and b . Sample B -4 , 'San Marcos prospect. 
Bornite (medium light gray) rimmed by covellite (medium 
dark gray) but not replacing chalcopyrite (light gray); dark 
gray is calcareous gangue; holes are black. 150 X .
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2 . A drian ita  P r o s p e c t
a. H o st  R o c k , In  gen era l, a t  th e  A drian ita  p rosp ect,- 
th e  h o s t  ro ck  has th e  sam e ch a r a c te r  as  in San  M a rco s . I t  
c o n s is ts  o f  f r e s h  lim eston es . T he gangue co n s is ts  o f  pink and 
w h ite  ca lc ite  and may be derived  fr o m  th e  h o s t  ro ck  o r  in tr o ­
duced .
b . D e scr ip tio n  o f  P r o s p e c t .  T h e genera l tren d  
o f  th e  len se-lik e  o r e  zone a t  th e  A d rian ita  p r o s p e c t  is 
roughly N - S ,  o r  a lm ost at right angles t o  th e  one a t  San 
M a rco s . T h e m ineralized zone seem s t o  fo llow  a tension  
o r  gash -like f r a c t u r e .  T he o u tcro p  length  is about 30 m. 
and th e  w idth vanes fr o m  10 -40  cm s.
G A B E L M A N  (S e co n d  v is it  t o  V ilcabam ba a re a , 
d ep artm en t o f  C u zco , P e ru  1958, p . 2}' s t a t e s t
"M ineralization  is s t r o n g e s t  in large jo in ts  which 
c o n s t itu te  th e  only apparent f e e d e r s ,  b u t it  has 
sp read  m a n to -fa sh ion  in to th e  l i m e s t o n e . . . . "
W hether th e  m ineralization has been sp read  ou t as in 
m antos o r  in le n se s , w hich are  com m on o c cu rre n ce s  in P e ru  
and in M exico , th e  mode o f  fo rm a tio n  is th e  sa m e. T he 
re la tiv e  g e o m e tr ic  position  depends mainly on th e  ph ysica l- 
chem ical condition  o f  th e  h o s t  ro ck  and on th e  local s t r u c ­
tu ra l c o n tro l . S t r ic t ly  speaking, m antos have n o t  been found 
in Huamanapi though th ey  could be e x p e cte d  t o  o c cu r  anyw here 
w ithin  th is  a re a . On th e  o th e r  hand, th e  m ineralization a t
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C alderon  and M inasmayo seem s t o  be con tro lled  by tension  
f r a c t u r e s .  F rom  th e general s e t t in g  it  could be concluded 
th a t  m ineralization  so u th  o f  th e  Huamanapi ridge  o c c u r s  in 
len se-lik e  bod ies and it  may o c cu r  in m a n to -fa sh io n . H o w e v e r , 
t o  th e  n o r th  o f  th e  Huamanapi ridge c lear f r a c t u r e  s e t s  are  
th e  loci o f  m ineral d e p o s its . T h is also includes M inasmayo 
w hich is lo c a te d  fu r t h e r  n orth  o f  Huamanapi r id g e .
A lthou gh  th e  am ount o f  p itchblende contained  in th e  
s p o t ty  c la c ite  is sm all, th e  predom inant o re  m ineral is  p itch ­
blende. T h is  has a v e ry  irregu la r  d istr ibu tion  even w ithin  
th e  c a lc ite . C h a lcop y rite  is n ow h ere  p re se n t  in abundance, 
w h erea s  galena o c c u r s  d issem inated  as  is o la te d  gra in s.
S econ d a ry  o r e  m inerals derived  fr o m  n icco lite  and 
pitchblende a re  ex trem e ly  r a r e . N e ith e r  d e tr ita l accum ulation  
n or gossan  can be accum ulated  in an area  w ith  s lop es  o f  
approxim ately  42° t o g e th e r  w ith  fr e q u e n t  rainy s e a so n s .
T h ese  f a c t o r s  re su lt  in th e  rapid eros ion  o f  all incipient 
w eath erin g  p r o d u c ts .
c .  O re  M icroscop y  . T he stu dy  o f  polished s e c t io n s  
fr o m  A d rian ita  p r o s p e c t  rev ea ls  th e  fo llow in g  o r e  m inerals.
Sam ple nu m ber: A - l
P itch b len d e  (predom inant
C h a lcop y rite
G alena
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Sample number: A -2
P itch b len d e  (pred om in an t)
C h a lcop y rite
S p h a ler ite
P y r ite
Sample number: A.-3
P itch b len d e  (p red om in an t)
W hite m ineral (rad iogen ic  lea d ?) 
C h a lcop y rite
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L o ca tio n : P it ,  A drian ita  p r o s p e c t0
M egascopic c h a r a c te r : P itchblende in discontinuous s p o t s ,
galena grains s c a t t e r e d  in th e  gangue.
M icroscop ic c h a r a c te r :
P itchblende (97%):  O ccu rs  in ren iform  to  botryoida l 
m asses (F igu re  2 6  ) .  S om e o ccu r  in m assive, 
te x tu re le ss  nodules „
C h a lcopyrite  ( l % ): P ra ctica lly  negligible; som e o ccu r  
as subm icroscop ic sp eck s in gangue.
T e tra h e d r ite  (1% ): Xn dissem inated s p o ts  in th e  gangue, 
o ft e n  w ith  galena.
G alena: (1%) A s  iso la ted  s p o t  in th e  gangue. T e tr a h e ­
d r ite  in tergrow n  w ith  galena in simple locking typ e  
in som e o f  th ese  s p o t s .
G angue: C arbon ates  and probably secon d a ry  uranium
minerals such as m e ta to r b e r n it e (? ) .
Specimen number: A - l
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L o ca t io n : P i t ,  A d rian ita  p r o s p e c t .
M egascop ic c h a r a c te r : G ray  hand sp ecim en , com p osed  mainly 
o f  p itch b len d e. B ands o f  pinkish ca lc ite  t r a n s e c t  the 
p itchb lend e.
M icroscop ic  c h a r a c te r :
P itch b len d e  (9 8 # ) :  O ccu rs  a s  m assive b o try o id a l,
sp h eru litic  f o r m s ;  ring o r  cellu lar sh apes a re  also 
w id esp rea d ; thin layers  and c r u s t s ,  although p r e s e n t , 
a re  le s s  comm on (F ig u re  2 6 ) .  E ssen tia lly  th is  
sam ple sh ow s  th e  sam e s t r u c t u r e  as sam ple A - 3 . 
C h a lcop yrite  and sph a lerite  ( 2 # ) :  A s  b lebs in th e
gangue. P itch b len de is n o t  in te rg ro w n  w ith  chal­
co p y r ite  and sp h a ler ite .
P y r ite  ( t r . ) :  V e r y  occasiona l t r a c e s .
Specimen number: A -2
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Figure 26. Sample A - 2, Adrianita prospect. Botryoidal 
pitchblende showing low reflectivity and an irregular relief 
low, probably due to incipients alteration; oil immersion,
500 X
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L o ca lity : P it ,  A drian ita  P r o s p e c t
M egascopic d escr ip tion : P itch blen de, in a n etw ork  te x tu r e ; 
small s p o ts  o f  annabergite bordering p itchblende, but 
also occu rrin g  in th e  ca lcite  gangue.
M icroscop ic  c h a r a c te r :
P itchblende (98% ): A lm ost th e  only ore  mineral in this 
sam ple. O ccu rs  in a v a rie ty  o f  fo r m s , which will 
be described  as d istin ct ty p e s , although th ey  show  
gradations.
1 . B otryo ida l fo r m s : B otryo id a l fo r m s  are exhibited 
by much o f  the pitchblende as large mammillary 
and con cen tric  m asses (F ig u re  2 7 b ) . I t  show s 
num erous cra ck s  and is cem ented by ca lc ite  o r
by radiogenic lead. T h e  la t t e r  a lso fo rm s  the 
m atrix  outside th e  uraninite.
2 . Spheru litic fo r m s : D istr ib u ted  usually a t  the 
b o rd e r  o f  the m assive p itchblende; show s con­
ce n tr ic  c ra ck s .
3 . R ing-like t e x tu r e : T yp e  1 o r  2 may align into 
ring-like p a tte r n s . T h ey  vary  in d iam eter 
usually fro m  2 t o  2+mm. In  o th e r  cases  they 
show coa lescen ce  t o  fo rm  irregu lar circu lar 
p a tte r n s . (s e e  F igure 27c)
Specimen number: A -3
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gray) in tergrow n  along its  g row th  planes w ith  pitchblende
(light gray) o Radiogenic lead in cracks. 150X.
F igu re  2 7b. Sam ple a - 3 , A drian ita p r o s p e c t . Folished 
s e c t io n  show ing typ ica l botryoida l s t r u c tu r e  o f  p itchblende. 
F ine vein lets o f  radiogenic lead in th e  cra ck s  o f  p itchblende.
150X
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F igure 2 7 c. Sam ple a - 3 , A drian ita  p r o s p e c t . Individual 
ring-like o f  co llo form  pitchblende, a t  upper p a rt  a su ggestive  
dendritic fo r m . 15 0X o
F igu re  27d. Sample A -3 ,  A drianita p r o s p e c t . Q uasi-graphic 
pitchblende te x tu r e , radiogenic above oracles in? th e  lead in 
th e  f r a c t u r e s  (l ig h t ) . 150X .
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F igu re 2 ? e . Sam ple a - 3 , A drian ita p r o s p e c t . Polygonal 
p a tte rn  o f  pitchblende in carbon ate  gangue. 150X .
F igure 27,f .  Sam ple A -3 ,  A drian ita p r o s p e c t . T h e  sam e 
p a tte rn  as above w ith  mushroom shaped e x tru s io n s . 150X
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Figure 27g. Sample j\ .-3 , A drian ita p r o s p e c t . Grain 
boundary seam s o f  pitchblende in carbon ate  gangue. The 
lines o f  the seam s are  determ ined by th e  boundaries o f
ca lcite  grains. 150X
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A GEOMETRIC CLASSIFICATION OF 
BASIC INTERGROWTH PATTERNS OF MINERALS
A conn otation -free sat o f  purely descrip tive  patterns, 1) fo r  studies 
o f  rocks and mineral dep osits , p a rticu lar ly  fo r  the present rev ision  
o f  genetic th eo rie s , 2) fo r  ore  dressing m icroscopy, metallography, 
and other f ie ld s  o f  applied petro logy , mineralogy, and m etallurgy.
Between most o f  these nine common locking types there are naturally 
gradational tra n sition s with regard to  both pattern and s iz e .  P a rtic le  
o r  grain s iz e  data are a p re -req u is ite  o f  any accurate study o f  rocks 
and mineral deposits and enhance the value o f  th is  chart.
Type la Simple intergrowth o r  locking type;
re c t ilin e a r  o r  gently curved bounda­
r ie s . Host common type, many examples.
Type lb M ottled, spotty, or amoeba-type locking 
or intergrowth. Simple, common pattern; 
many examples.
Type l c  Graphic, myrmekitlc, or " e u te c t ic "
type. Common; examples: ch a lcopyrite  
and stannite; quartz and fe ldspa rs; e tc .
Type Id Disseminated, em ulsion-)ike, drop-1 ike, 
buckshot or peppered type. Common; 
examples: chalcopyrite In sphalerite  
o r  stannite; s e r ic lt e ,  e t c .  in fe ld ­
spars; tetrahedrite  in galena; e t c .
Type 2a Coated, mantled, enveloped, coron a-, 
rim -, r in g -, s h e l l - ,  or a t o l l - l ik e .  
Common; examples: chaI c o c ite  o r  c o v e l­
l i t e  around p y r ite , sp h alerite , galena; 
e t c . ;  kelyphite rim, and other rims.
Type 2b Concentrlc-spherulI t i c ,  o r  m ultiple 
sh e ll-typ e . F airly  common; e x .: 
urani^e with galena, ch a lcopy rite , 
b orn ite ; cerussite -lJm on ite ; Mn- an5N 
Fe-oxides; e t c .
Type 3a V e in -lik e , s t r in g e r - lik e , or sandwich- 
type. Common; e x .:  m olybdenite-pyrite; 
s i l i c a t e s ;  carbonates; phosphates; e tc .
Type 3b Lame 11 ae-.layered , or polysynthetic 
type. Less common; examples: 
pyrrhot i te-pentI and!te ; c h lo r ite -c I  ays; 
e t c .
Type 3c Network, boxwork, or Vidm anstatter-type. 
Less common; e x .:  hem atite-ilm enite- 
magnetite; born ite  or cubanite in 
chaI copyrIte; ml I le r lte - l in n e ite ;  
m etals; e tc .
G. C. Amstutz -  195**, I960
F igure 28„ S tandard  locking ch art t o  which r e fe r e n c e  is 
made in the descrip tions o f  o re  m inerals.
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B* A R E A
1. C alderon P r o s p e c t
T he area o f  Calderon is ch a ra cterized  by tw o  main 
fe a tu r e s : skarn typ e  rock s and clear f r a c t u r e  s y s te m s .
The la t t e r  play an im portant role in the localization  o f  o re  
deposition . The Calderon fr a c t u r e ,  in which sca n ty  mineral­
ization w as d ep osited , s tr ik e s  N 20°E  and dips 75° t o  the 
w e s t . I t  can be fo llow ed  300 m along th e  s u r fa c e  (s e e  
s tru ctu ra l map) and runs a c ro ss  the a ltera tion  zone.
a . H ost R o c k . T he skarn in which the o re  occu rs  
in a fr a c t u r e  zone is used here w ith  no connotation  as to  
sp e c ific  p ro ce ss  o f  fo rm a tion . I t  means any assem blage 
o f  s ilica te  minerals o f  C a , Mg, F e , and Mn. In  f a c t  a 
green rock  com posed o f  g a rn et, ep id ote , h em atite , m agnetite 
and ca lc ite  makes up 80$ o f  the rock  se r ie s  in th e  C alderon  
area . T he zone o f  major a lteration  (sk arn -form ation ) is by 
fa r  s tr o n g e s t  near the line o f  c o n ta c t  w ith  the igneous 
rock s o f  Perm ian age . The origin o f  th is aureola o f  co n ta c t  
m etam orphics seem s unquestionable because o f  th e  closeness 
and p e r fe c t  parallelism to  th e  igneous ro ck  c o n ta c t . H ow ­
ev er , the question arises when ore  deposition  to o k  p lace.
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b . O re  M inerals, M ineralization o ccu rs  in s p o t ty  
p a tte r n s . L en ses o f  o re  minerals are so  e r ra t ic  w ithin the 
fr a c tu r e s  th a t  th ey  a re  p ractica lly  unpredictable. This 
m ineralization is o f  cou rse  caused by c o n ta c t  m etasom atism .
The main o r e  minerals in o rd er  o f  im portance a r e : 
t e tr a h e d r ite , pitchblende, ch a lcop yrite , and som e uncommon 
su lfoarsen id es o f  N i-C o . M ost rem arkable, perhaps, is the 
in terg row th  o f  pitchblende w ith  m assive te tr a h e d r ite , and, 
on a sm aller s ca le , w ith  n icco lite . T his is co n tra ry  t o  
w hat w as commonly believed, namely th a t  pitchblende is 
m ostly in tergrow n  w ith  n icco lite . In d irectly  th is t e t r a h e -  
drite -p itch b len d e relationship may be used in the fu tu r e  as 
an ore  guide in p rosp ectin g  f o r  uranium minerals in th is 
a rea . A s  a resu lt  o f  th is m icroscop ic  s tu d y , it  is su gg ested  
th a t  th e  tranium minerals show a s tro n g  tendency to  be 
in tergrow n  w ith  and o ccu r  w ith  te tra h e d r ite  and n icco lite  
ra th er  than w ith  copper su lfides (ch a lcop y rite , b o r n ite ) .
c . O re  M icroscopy
Sam ple num ber: C -6  (C alderon  upper p a rt )
T e tra h e d r ite
C h a lcopyrite
P itchblende
C ob a ltite
S a f f lo r i t e
Loellingite
Galena
N ative S ilver
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Sam ple num bers C -7  (C alderon  low er  p a rt)
P itchblende
C h alcopyrite
P y r ite
S a f f lo r i t e
H em atite
A p a tite  (gangue)
F o r  detailed o re  m icroscopy  d escrip tion  r e f e r  to  
the d escrip tiv e  pages which fo llo w .
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Sam ple num ber: C -6
L o ca lity : .Calderon A lto
M egascopic descrip tions G rayish o r e , te tra h e d r ite  being the 
m ost common copper mineral; small d o t t s  o f  chalcopyrite  
s c a t te r e d  all through th e  sam ples.
M icroscop ic descriptions
T etra h e d r ite  (7 0 $ ) : Xn large p a tch e s , containing dissem ina­
tion o r  ve in lets ; o fte n  parallel t o  pitchblende, the 
la t t e r  form ing a zone betw een  gangue and te tr a h e d r ite . 
C ha lcopyrite  (19$) : A lthough n ot abundant i t  is widely
s c a t te r e d  and o ft e n  intim ately in tergrow n  in te tr a h e ­
d r ite , in which it  usually occupies th e  cen tra l p a rt 
o f  th e  te tra h e d r ite  p a tch es .
C oba ltite  ( l $ ) s  O ccu rs  as idiom orphic c ry s ta ls  in th e  
gangue, but also in the te tra h e d r ite  m ass; size  o f  
grains about 75 m icrohs. (s e e  F igure 29d)
Pitchblende (7 $ ) :  B otryoida l fo r m , ranging in size  fro m  
75 t o  150 m icrons; occu rs  usually bordering carbonate 
gangue and surrounding groups o f  su lfid es ; occasion ­
ally intim ately in tergrow n  w ith  s a fflo r ite -lo e llin g s ite .
(s e e  F igure 29b)
S a f f lo r i t e  and Loellingite (3$) r O ccu rs  as idiomorphic 
grains in the gangue and occasionally in te tr a h e d r ite , 
bu t also in tergrow n  in a m ottled  fash ion  w ith  p itch ­
blende (s e e  F igure 2 9 c ) .
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Galena (1%) : Alm ost always in zoned intergrowth with 
tetrahedrite and sometimes traces of sphalerite 
surrounding it .
Native Silvers In many places tetrahedrite contains abun­
dant native silver in the form of triangular or wire­
shaped dendrites (see Figure 2Sk and b) .
Gangue: Carbonates in grains of 150 average microns
size.
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F igu re  29-a. Sam ple C -6 ,  C a lderon  p r o s p e c t .  S p h eru lites  
o f  pitchblende in te rg ro w n  w ith  ch a lcop yrite  (light co lo r ) 
te tr a h e d r ite  t o  th e  l e f t  side (dark  gray ) and ca lc ite  grains 
(b la ck ) oil. 5 0 0 X , oil im m ersion .
F igu re  29b. Sam ple C -6 ,  C alderon  p r o s p e c t .  P itch b len de 
in terg row n  in ty p e  1c  locking w ith  s a f f lo r i t e  -  loellingite 
(ce n tra l p a r t )  t o  th e  l e f t  is t e t r a h e d r ite ; black bands are  
gangue. 500x, oil im m ersion .
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F igu re  2 9 c . Sam ple C -6 ,  C a lderon  p r o s p e c t . Id iom orphic 
grains o f  s a f f l o r i t e ,  som etim es in te rp e n e tra t in g , form in g  
r o s e t t e - l ik e  p a t te r n s . S ize  o f  th e  individual grains abou t 85 
m icron s. 5 0 0 X , oil im m ersion .
F igure 29d. Sam ple C -6 ,  C alderon  p r o s p e c t .  C o b a lt ite  
(w h ite ) d issem inated in gangue. A v era g e  s ize  about 75 m icron s.
500X , oil im m ersion
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Figure 2 9 e  and f .  Sample C -6 , Calderon prospect. Tetrahe­
drite in calcareous gangue with chalcopyrite, galena and numerous 
skeletal crystals o f native silver. 500X , oil immersion.
IkO
Figure 29g and h. Sample C-6, Calderon prospect. Local 
zoning patterns of intergrowth between tetrahedrite (light 
gray) with galena (white) and sphalrite (medium gray).
500X, oil immersion.
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Sam ple numbers C -7
L o ca lity ! Calderon Bajo
M egascopic descriptions P y r ite  very  s c a t t e r e d ; d istribu ted  
in th e  reddish gangue; iron oxides are  widely spread 
throughout th e  gangue and give i t  th e  red co lo r ; 
hem atite also o c cu rs  as specu larite  and in hand sp ec i­
mens it  is easily con fu sed  w ith  pitchblende; gangue 
mainly ap atite  and ca rb on a tes .
M icroscop ic ch a ra cters
Pitchblende (2+0$} s M assive, botryoida l and dendritic 
fo r m s ; contains very  fine grains o f  chalcopyrite  
throughout many o f  th e  m asses; occasionally also 
euhedral grains o f  p y r ite .
C h a lcop yrite  (8 $ }s  a s  ty p e  lc dissem inations in the 
pitchblende but also as isolated  grains e lsew h ere . 
P y r ite  (2+5$) s S ize  o f  grains ranging from 75 m icron 
t o  2 mm. P itchblende rims th e  b ord er  o f  the 
la rg e s t  grains (F igu re  3 0 ) .
S a f f lo r i t e  a n d /or  R am m elsbergite ( t r a c e s )  s O ccu rs  
as euhedral grains m ostly in th e  gangue.
Hematite (7 $ )r  -As isolated islands throughout the 
sample.
Gangues Mainly ap atite  and ca lc ite .
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F igure 3 0 . Sam ple C - 7 ,  C alderon B a jo . P y r ite  (w h it e ) ,  
pitchblende (light g ray ) in terg row n  in a subparallel p a tte r n  
in gangue (dark  g r a y ) .  15 0X .
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2 . A u rora  P r o s p e c t
a. H ost R o c k . F rom  a lithologic point o f  view , 
th ere  is no d iffe r e n c e  betw een  the C alderon and A u rora  
a re a s . M ost o f  th e  original lim estone has been con verted  
t o  lim e-bearing s ilica te s , which is , o f  co u rse , typical f o r  a 
c o n ta c t  m etasom atic a rea . The gangue is predom inantly 
dolom itic. The silica con ten t in th e  gangue in creases  con ­
siderably fro m  the upper t o  the low er p a rt o f  the fr a c t u r e , 
so  th a t in th e  lo w e st  portion  pyrite  mineralization is con­
tained alm ost always in th e  silica gangue.
b . N ature o f  D eposit,, The A u rora  fr a c tu r e  has 
been the channelway controlling o re  deposition . This fa u lt  
s tr ik es  N 60E and dips NW 8 0 ° . The fr a c tu r e  can be 
fo llow ed  over  a d istance o f  400 m.
The ore  deposition along this fa u lt  show s a rough 
zonal d istribution  o f  m inerals. The lo w e s t  p a rt is re p re ­
sented  by a tabular mass o f  pyrite  about 2 m. th ick . This 
pyrite  vein o u tcro p s  f o r  about 40 m. , h ow ever, no valuable 
ore  mineral w as found in th a t  p a rt .
In the upper part (Aurora Alta) the thickness of 
main fracture filling and consequently of the main mineraliza­
tion is restricted to 20 cm. Sporadic niccolite, molybdenite 
and pitchblende occur along this zone. The mineralization is, 
however, not entirely confined to veins, but numerous small
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sp o ts  o f  th e  sam e minerals o c cu r  in th e  ad jacent country- 
ro ck s . In  general som e o re  minerals are  d isp ersed  anyw here 
in th e  a lte re d  lim eston e , as w ell known fr o m  n o n -c o n ta c t -  
m etasom atic  d e p o s its .
A s  has already been pointed o u t , th e  gangue con­
s is t  en tire ly  o f  qu artz  w ith  minor am ounts o f  ca rb o n a te .
T he middle portion  o f  th e  f r a c t u r e  is w ell exposed in a 
place called "A u ro ra  ('Middle p a r t } "  fr o m  which num erous 
sam ples have been stu d ied  under th e  m icroscop e . T h e  min­
erals here  are  predom inantly p y r ite . F rom  th e  lo w e s t  t o  
th e  middle p ortion  th e  th ickn ess o f  the f r a c t u r e  and co n se ­
quently o f  th e  m ineralization d e cre a se s  approxim ately 1 m.
Xn gen era l, th e  m ineralization in th is  middle portion  show s a 
b re cc ia te d  t e x tu r e , w h ere  both  siliceous and ca lcareous 
gangue and su lfides are  broken?. N um erous vein lets  run 
parallel t o  the main fr a c t u r e  in th e  wall r o ck . T h e se  con ­
tain ch a lcop y rite , b o rn ite , t e tra h e d r ite  and small am ounts 
o f  p itchblende.
c„ O re  M icroscop y . T h e stu d y  o f  the polished 
se ct io n s  fr o m  th is area  revealed  in te rg ro w th  o f  pitchblende 
w ith  m olybdenite. O ccasionally  th e  pitchblende is lo ca te d  
along th e  cleavage planes o f  th e  m olybdenite. N icco lite  did
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n o t show any in te rg ro w th  w ith  pitchblende bu t ra th e r  is
in terg row n  w ith  ram m elsberg ite  in banded o r  r o s e t t e  fo r m s .
P itchblende is p re se n t  in th e  ch a lcop yrite  as minute sph eru les .
Sam ple num bers C - l  (A u ro r a , U pper p a r t )
N icco lite  
M olybdenite 
P itchblende 
C ha lcopyrite  
Ram  m elsberg ite
Sam ple num ber? C -3  (a u r o r a ,  upper p a rt )
M olybdenite
P itchblende and U raninite 
C h a lcop yrite  
P Y  r ite  
T  e tra h e d r it  e
Sam ple num ber? C -4  (A u ro ra , middle p a rt)
T e tra h e d r ite
C h a lcop yrite
B o rn ite
C ovellite
P itch blen de
P y r ite
Sam ple num bers C -5  (A u ro ra , middle p a r t )
C h a lcop yrite
B o rn ite
C ovellite
T e tra h e d r ite
P y r ite
C h a lescite
Pitchblende
Sam ple num bers C -7
P itch blen de
C h a lcop yrite




Sam ple number C -5  show s th e  sam e fe a tu r e s  as 
, page 155.
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L o c a lit y : a u r o r a  A lta
M egascop ic d escr ip tion s  N icco lite , m olybdenite and pitchblende 
d istr ib u ted  b e tw een  tw o  bands o f  ca lc ite -d o lo m ite  
gangue. O xidation  has co lored  th is  sam ple r e d .
A ctu a lly  it  sh ow s a zone predom inantly w ith  n icco lite  
and a n oth er  zone w ith  a lm ost only black  o re  minerals 
(p itchblende and m olybd en ite ). T his is th e  only place 
w h ere  pitchblende has th e  a s p e c ts  o f  s o o ty  ch a lco c ite .
M icroscop ic  c h a r a c te r :
N icco lite  (k0%) s O ccu rs  as fa ir ly  hom ogenous m ass
in te r s t it ia l in ca lc ite -d o lo m ite  gangue, o f t e n  in te r ­
grow n  w ith  a s h e e t  mineral (m ic a ? ) .  T h e  boundaries 
o f  n icco lite  in many ca ses  fo llo w  th e  grain boundaries 
o f  th e  c a lc ite . N icco lite  is  in terg row n  w ith  v ery  
small am ounts o f  ram m elsberg ite  along th e  r im s. 
N icco lite  is p ra ctica lly  n ev er  in te rg ro w n  w ith  
m olybdenite and pitchblende in th is  s e c t io n . 
M olybdenite (50%)t S h ow s m od era te  an isotrop ism  only, 
and in s o fa r  is d i f fe r e n t  fr o m  norm al m olybden ite ; 
d e fo rm e d  basal cleavage is  ind icated  by  many s e t s  
o f  parallel sh e a v e s . A s  show n on F igu re  31 o f  
sam ple C - 3 ,  p itchblende appears t o  fo llo w  th e s e  
d ire c t io n s  occasionally  bu t a lso o c cu rs  in random
Sample numbers C - l
orien ta tion . P erh ap s th e  anomalous pleochroism  
o f  molybdenite could be caused by radiation e f f e c t s .  
O ccasionally tiny  grains o f  chalcopyrite  are  spread  
throughout th e  m olybdenite.
P itchblende (8 $ ) r O ccu rs  m ostly  in tergrow n  w ith , 
and occasionally roughly in th e  sam e d irection  as 
th e  molybdenite sh eaves, but is also, found in massive 
and botryoidal grou p s. C halcopyrite  appears t o  be 
p re se n t within som e portion s o f  th e  m assive p itch ­
blende as blebs (F igu re  3 1 } .
C h a lcopyrite  (<§$}: O ccu rs  in small am ounts as tiny 
grains in pitchblende o r  in th e  gangue.
P am m elsberg ite  (2 # }r  A long rim s o f  n icco lite .
G angue: C a lcite , dolom ite, one o r  tw o  d i f fe r e n t
s h e e t  minerals*
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F igure 31 . Sam ple C - l ,  A u rora  P r o s p e c t .  C halcopyrite  
(light) exceptionally in tergrow n  as locking typ e  Id  in th e  
pitchblende; in th e  upper p a rt  flakes o f  m olybdenite are  
seen . Oil im m ersion , 500X o
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L o ca lity : A u ro ra  a lta
M egascopic d e scr ip tio n : Sam e as C -2 : M olybdenite, p itch ­
blende and ca lc ite  in banded arran gem en t, as v e rtica l 
vein lets in a ca lcareou s h o s t  r o ck ; lim onite sta in  
abundant.
M icroscop ic c h a r a c te r :
M olybdenite (8 0 $ ) :  A p p ears  t o  be d istribu ted  as s c a t te r e d  
p a tch e s  in th e  dolom ite gangue, orien ted  a s  d iscon n ect­
ed s tr in g e r s . C o n s is te n tly , th e  sh e e ts  a re  bent 
(F ig u re  3 2 a ) . A lthough m olybdenite is  th e  main o re  
mineral in t o ta l  i t  only am ounts t o  about 3 -5 #  o f  the 
w hole sam ple, i f  th e  gangue is also cou n ted . P it c h ­
blende appears t o  be deposited, along th e  lamellae 
s h e e t s .
P itchblende a n d /o r  uraninite (1 8 # ) :  O ccu rs  in th e  moly­
bden ite  m a sses , e ith er  along it s  s h e e ts , o r  cu ttin g  
th em , in fe w e r  c a s e s . I t  also appears t o  be 
borderin g  th e  whole m olybdenite m a sses . P itch ­
blende may have been d ep osited  as  uraninite because 
i t  sh ow s isom orph ic, m ore o r  le s s  cubic c ry s ta l 
fo r m s  (F ig u re  3 2 b ) ; but it  also o ccu rs  as sp h eru lites , 
which show  a tenden cy  t o  coa lesce  t o  fo r m  s tr u c tu r e s  
su gg estive  o f  botryoida l te x tu r e s  (F ig u re  3 2 a ).
Sample number: C -3
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C halcopyrite [2%): O ccu rs  in very  small quantity 
usually as isola ted  in terstitia l grains occasionally 
as p a tch es .
P y r ite , te tra h e d r ite  ( t r . ) t Iso la ted  grains o f  pyrite  
and te tra h e d r ite  are found, the la tte r  occasionally 
rimming cha lcop yrite .
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F igure 32a. Sam ple 0 - 3 ,  A u ro ra  P r o s p e c t ,  upper p a r t . 
P itchblende roughly parallel t o  th e  b ord ers  o f  m olybdenite 
which are ben t and in tergrow n  w ith  a s h e e ty  gangue mineral 
(m ic a ? ) . 150X .
F igure 32b . Sam ple C - 3 , A u rora  P r o s p e c t ,  upper p a r t . 
M ore o r  less  idiom orphic uran in ite. 500X , oil im m ersion .
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L o ca lity : A u rora  (low er  p a rt)
M egascopic d escr ip tion : P y r ite , ch a lcop yrite , born ite  and 
covellite are th e  main m inerals. P y r ite  show s a 
banded d istribu tion . Oxidation has en tered  deeply 
into th e  ou tcrop  and th e r e fo r e  the specim ens available 
show much limonite and m alachite.
M icroscop ic c h a r a c te r :
T e tra h e d r ite  [37%): The main copper o re  mineral 
o ccu rs  in m assive te x tu re s  o r  in tergrow n  w ith 
ch a lcop yrite , b orn ite , covellite  and pitchblende. 
D iscontinuous grains o f  pyrite  are  d istribu ted  
through out th e  te tr a h e d r ite . In  som e grains o f  
te tr a h e d r ite , chalcopyrite o ccu rs  as s p o ts  (locking 
ty p e  I d ) .
C halcopyrite  (2 5%) : O ccu rs  in tergrow n  w ith  th e  o th e r  
copper o re  minerals as pointed out above, but also 
fills  crack s in th e  p y r ite , as i f  it  would be a 
secon d ary  enrichm ent copper mineral.
B orn ite  [8%) :  S c a tte r e d  in terg row th  w ith  ch a lcop yrite ; 
freq u en tly  rimmed and veined by cove llite . B orn ite  
also o c cu rs  c r is s -c r o s s in g  pyrite  m ass, but th is 
is ra th er  an exception  and in th is case  show s
Sample number: C -4
m oderate  anisotropism
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C ovellite  (1 0 # )r a s  a ru le, covellite  is  well developed 
in born ite  and occasionally in ch a lcop yrite .
P itchblende (5%)t O ccu rs  in tergrow n  w ith  te tr a h e d r ite . 
T h e  low er r e fle c t iv ity  o f  pitchblende (R  = 16#) read ­
ily allows d iffe re n tia tio n  fro m  te tra h e d r ite  (R  = 26%). 
P itchblende o ccu rs  as s p o t ty  g rou p s, bands o r  
iso la ted  grains. V ein lets o f  lim onite o r  chalcopyrite  
in te r s e c t  pitchblende.
P y r ite  (15#) i C a ta c la stic  t e x tu r e . O ccu rs  as m assive 
o r  isola ted  grains up t o  .5  mm. average grain 
s iz e . C h a lcopyrite  and born ite  freq u en tly  vein 
iso la ted  grains o f  p y r ite .
Mineral ( X ) t  C olor  grayish t o  brow nish ; medium to  
stron g ly  a n istrop ic , surrounded by te tra h e d r ite  
and w ith  about th e  sam e r e f le c t iv ity .
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Locality: Aurora! (middle part)
Megascopic description: Chalcopyrite, bornite, covellite and 
pyrite are the main constituents. They are intergrown 
in very irregular patterns and show much oxidation.
Microscopic character:
Chalcopyrite ( 3 0 % )  s Occurs intergrown with tetrahedrite, 
bornite, covellite and pyrite. When chalcopyrite 
occurs with covellite it shows a grid-like texture 
which is a remnant from the replacement of 
bornite by covellite. Chalcopyrite does not seem 
to be changed into covellite at all. Tiny blebs of 
chalcopyrite appear in the tetrahedrite.
Bornite (18%) s Although not abundant it is very wide­
spread. Anisotrop ranges from moderate to very 
weak; bornite appears to be altered easily to 
covellite, which is very common in this sample.
B o rn ite  sh ow s sem igraphic in te rg ro w th  w ith  chal­
co p y r ite  and usually i t  veins p y r ite .
Covellite ( 2 5 % }  * Occurs along rims and grain boundaries 
of bornite (Figure 33b); also as veinlets in pyrite 
and chalcopyrite; but on a very small scale. 
Tetrahedrite (8$): Occurs in homogenous masses and 
intergrown with chalcopyrite and covellite.
Sample number: C -5*
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P y r ite  (13$) t C a ta c la stic  te x tu re  veined and probably 
p a rtly  replaced by cha lcop yrite , in a c r is s -c ro s s in g  
p a tte rn  (F igu re  3 3 a ). P y r ite  o c cu rs  as s tr in g e rs  
o r  as iso la ted  grains surrounded by chalcopyrite  o r  
also as re lic ts  within th e  carbon ates  o f  limonite 
o f  the gossan .
Lim onite ( l $ ) s  G ossan produ ct o f  th e  su lfid es .
C h a lcocite  (±2% ): Intim ately  in tergrow n  w ith cove llite .
P itchblende (3%) t Usually in tergrow n  w ith  limonite 
(s e co n d a ry ).
Ganguet M ostly  ca rb on a tes .
Sam ple Number 5 show s th e  sam e ch a ra c te r is t ic s  as
sample number 5*
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F igure 33a. Sample C -5* , A u rora  P r o s p e c t ,  middle p a r t . 
F ra c tu re s  in p yrite  (light)1 w ith  chalcopyrite  (light gray) and 
covellite (darker v e in le ts ). Any dark gray is gangue. 150X .
F igure 33b. Sample C -5 ,  A u rora  P r o s p e c t ,  middle p a r t . 
B orn ite  (light gray) breaking down into covellite  (g r a y ) ; 
cha lcop yrite , hardly a f fe c t e d  by this a lteration  (w h ite ) .
150 X .
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V I .  C O N C L U S I O N S
The field  study o f  the tw o  mineralized zones o f  Huamanapi 
and Calderon in the Vilacabamba area resu lted  in the follow ing 
conclusions t
The stra tig rap h ic  study revealed th a t  th e  Copacabana 
group is o f  U pper Pennsylvanian and L o w e r  Perm ian age . The 
T arm a group is o f  Middle Pennsylvanian age and may be con­
sidered as th e  base o f  th e  Copacabana group, while th e  
continental Negrillas conglom erate may be o f  Mississippian age.
The intrusive and intrusive rock s o f  the area are  o f  
Perm ian and o f  T e rt ia ry  age. They include acid ic, in term ediate 
and basic r o ck s , as described .
The study o f  th e  mineralization lead to  th e  follow ing 
concept o f  o re  depositions In  the Huamanapi zone ore  
minerals o ccu r  as vein lets or  as small wide spread lenses-. 
Pitchblende in th e  Copacabana group may occu r  any place 
throughout th e  whole th ickn ess, as p a tch es , veinlets o r  lenses 
o f  e rra tic  d istribu tion . In the Calderon zone, minerals o ccu r  
as fissu re  fillings in a skarn zone.
The gradational distribution  o f  the ore  minerals and o f  
the skarn a lteration  p rod u cts  indicate a genesis by con ta ct  
me£amorphism, w ith  variable degrees o f  migration o f  the 
hydrotherm al o re  solutions and in ten sity  o f  m etasom atism .
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A t least two possibilities exist in regard to the possible 
source of the ore solutions!
1 . T he Perm ian Mitu igneous ro ck s , which crop  ou t along 
th e  skarn zone along th e  C alderon fa u lt ,  may have furn ished 
th e  solu tions which fo rm ed  the ore  d e p o s its .
2 . The T e r t ia r y  gran ites o f  th e  V ilcabam ba-M achupichu- 
batholith  may extend below this zone and may have furn ished 
mineralizing so lu tion s . This batholith  crop s  ou t only 5 km. 
so u th w e st  o f  th e  area  a t a location  called H uashuacocha L ak e . 
H e re , as in various o th e r  portion s o f  th e  bath olith , vein lets
o r  dissem inations o f  pitchblende are p r e s e n t . A ls o , a uranium - 
cop p er -n ick e l-cob a lt  su lfide p ro sp e c t  a lm ost identical w ith  
th o se  a t Huamanapi is  known in P unta  R ayoc only 700 m. 
away fro m  an o u tcro p  o f  gran ite .
T h ere  may be o th e r  possibilities f o r  sou rce  o f  o re  solu­
t io n s , although t o  da te  no d ire c t  indications have been found. 
The igneous ro ck  sam ples M - l ,  M -2 , M -3 f o r  exam ple, which 
fo rm  dikes and plugs, do n ot seem  t o  be con n ected  in any w ay 
w ith  th e  m ineralizations.
The m icroscop ic  study indicates th a t  th e  principal o re  
minerals in o rd e r  o f  im portance a r e : copper su lfo  arsen ides, 
copper su lfid es , pitchblende and n icco lite . Molybdenum and 
C obalt minerals are  very  minor co n s titu e n ts .
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The relations of Cu-Ni sulfoarsenid.es or arsenides and 
pitchblende are ,rsymphatetic" or synbatic, e.i. , they show 
affinity fo r uranium.
Most of the pitchblende occurs intergrown with te tra ­
hedrite. This observation may be used fo r practical purposes 
during the prospection fo r uranium in the Vilcabamba area.
The relationship between pitchblende and pyrite are 
nanti-patheticn, i.e ., in the course of the study of the 
polished sections, pitchblende has not shown to be ingrown 
with pyrite. The relationship between bornite, chalcopyrite 
and uranium is obscure. Occasionally spherulites of pitch­
blende are found in chalcopyrite. From the skarn alteration 
and the vein-like cross-cutting nature of large portions of 
the deposit, it  seems that the solutions were derived from 
an igneous source.
Pitchblende may be expected to be found in any fissure 
veins containing tetrahedrite and niccolite, but in subordinate 
amounts. The occurrence of pitchblende as a colloform 
mineral rather than as isometric uraninite may perhaps be 
considered evidence fo r deposition at low temperature and 
pressure. On the other hand, the presence of a skarn-type 
zone, containing abundant magnetite, specular hematite, garnet 
epidote and other Fe—Mg—Silicates may be indicative of
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reasonably elevated temperature. The presence of abundant 
apatite near the borderline of the limestone to igneous rocks 
is also a skarn feature.
The skarn zone is directly related to the contact limestone- 
volcanics, which is older than the deposition of the ore minerals 
as mentioned above.
In conclusion, the deposits described in this thesis may 
be classified in Group 12 and 29 of RAMDOHR's system 
reproduced on Table V, since the source and nature of the 
solution appears to be hydrothermal, and since the place and 














































T A B L E  V ,  I S O G B N E T I C  C L A S S I F I C A T I O N  O F  O R E
D E P O S I T S
(C la ss ifica tion  o f  o re  minerals accord ing  t o  th e ir  paragen eses) 
( A f t e r  R A N D O H R , I9 6 0 , w ith  minor m odifications)
32 Katazone
Metamorphosis 31 Mes ozone
under stress 30 Epizone 30
29 Contact-metamorphosis
ore deposition 28 Mineral fuels (caustobiolites)
through 27 sedimentary sulfide deposits
precipitation 26 Concentration in arid basins
25 Descendent dykes and replace­
ments
- 25
ore deposition 24 Cementation-zone (often en­
through riched)
w eathering 23 Oxydation-zone
volcanic- 22 Placer deposits
( extrusive) 21 Mixed deposits
(partic, "sterile hot :Spr*s")
20 Volcanic-exhalative deposits 20
magmatic 19 Volcani c-int ram agmati c
subvolc. 18 Hg -  Sb -  Formation
hydro- 17 Cu -  Pb -  2n Formation
thermal 16 Au -  Ag -  Formation
15 Sulfide -  lean -  formation 15
14 Cu — siderite -  formation
hydro- 13 Ag -  Sn -  2n -  Formation
thermal 12 Ag -  Co -  Mi -  U -  Si -  As -  For,
11 Low temperature Zn -  Pb —For,
stage 10 Pb -  Sn -  Ag -  Formation 10
9 Cu -  As -  Fe -  Formation
8 Au Fe -  Formation
pegmatit. 7 Pneumatolytic impregnations
pneumato- 6 Contact -  pneumatolytic deposits
ly tic 5 P neum atolytic d ep osits 5
s ta g e 4 P egm atites
in tra ­ 3 In tru sive  o re  -  in jections
nt agm atic 2 Li quid m agm atic unmixing
s ta g e 1 C rysta llization  d if fe r e n t ia te s
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